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TITLE OF THE INVENTION 
REMODELING AND GLYCOCONJUGATTON OF PEPTIDES 

BACKGROUND OF THE INVENTION 
5 Most naturally occurring peptides contain carbohydrate moieties attached to the 

peptide via specific linkages to a select number of amino acids along the length of the 

primary peptide chain. Thus, many naturally occurring peptides are termed "glycopeptides." 

The variability of the giycosylation pattern on any given peptide has enormous implications 

for the function of that peptide. For example, the structure of the N-Knked gjycans on a 

10 peptide can impact various characteristics of the peptide, including the protease 

susceptibility, intracellular trafficking, secretion, tissue targeting, biological half-life and 
antigenicity of the peptide in a cell or organi sm. The alteration of one or more of these 
characteristics greatly affects the efficacy of a peptide in its natural setting, and also effects 
the efficacy of the peptide as a therapeutic agent in situations where the peptide has been 

IS generated for that purpose. 

The carbohydrate structure attached to the peptide chain is known as a "glycan" 
molecule. The specific glycan structure present on a peptide affects the solubility and 
aggregation characteristics of the peptide, the folding of the primary peptide chain and 
therefore its functional or enzymatic activity, the resistance of the peptide to proteolytic 

20 attack and flie control of proteolysis leading to die conversion of inactive forms of the peptide 
to active forms. Importantly, terminal sialic acid residues present on the glycan molecule 
affect the length of die half life of the peptide in the mammalian circulatory system. Peptides 
whose gjycans do not contain terminal sialic acid residues are rapidly removed from the 
circulation by the liver, an event which negates any potential therapeutic benefit of the 

25 peptide. 

The glycan structures found in naturally occurring gjycopeptides are typically divided 
into two classes, N-linked and O-linked gjycans. 

Peptides expressed in eukaryotic cells are typically N-gJycosylated on asparagine 
residues at sites in the p eptide primary structure containing the sequence asparagjne-X- 
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s^e/teeooaiiDie wfere X cm to my smko acid except proline md aspar&c ©ddL The 
cssbohydiraie portion of smdh petite is known as an N4in&©d glycsn. The eariy evesnis of 
N-glyco syMon occur in Hhe endoplasmic ireticubm (BR) sand axis identical in mammals, 
plants, insects and other Mgh^edcaryotes. First, moKgosacdiari(kdiA<x)n3pismg 

5 fourteen sugar residues is constructed on a lipid carrier molecule. As the nascent peptide is 
' translated md translocated into 
amide grasp of tSie asparagine residue in a reaction catalyzed by a membrane boused 
glycosyltramsfease enzyme. The N-fioked glycaa is further processed fooffli in &e ER and in 
fee Golgi apparatus. The fi^^te processing geierally entails r^ovalofsome of $ie sugar 

10 residaaes and addition of oHfesnagsar iresidEes in reactions catalysed by glycosylates and 
glycosyltansfeases specific fe (fine sogar residues ranoved and added. 

Typically, tike final stactees of &e N-linked glycans are dependent upon the 
©xgEnisminwMdith^ For example, in general, peptides produced in 

bacteria are completely ^glycosylated* Peptides expressed in insect cells contain high 

IS ' mannose* pamid-mann^ Peptides 
profacf^ m criH carftoorB am usually glycosylated differently depending, e.g., 

upon fiie species and cell colte© conditions. Even in the same species and undea: the same 
conditions^ accsrtaim encountaedL 
BErinsr, pqitides prodto©ad inn ptaft eels comprise glycsn storoto^ tSM differ signi&snffly 

20 flft>m those prodii^^ The dilemma in the of 

irecoBibmfflfflt p eptMes, partkwkriy when the peptides are to be rased as tiha^peutic agents, is 
to be able to genierat© peptides tfihat sse conrectly gKycosyfe£©4 La, to to able to gsmesato a 
peptide taving a glyrasa stactai^ 

MtaraByoccra^^ Most peptides pradtoced by irimi)mMmmt ineans 

25 comprise glyc&n stoctass {that are diffeent &om the naturally occurring 
'A variety of methods haw 
pattern of apeptide inctoding those described in WO 99/22764, WO 98/58964, WO 99/54342 
and U.S. Patent No. 5,047,335, among others. Essentially, many of the enzymes raphed for 
Hhe m vitro gjycosytetion of peptides have beoi cloned andsequmcedL In some instances, 
30 these ®zymeslmvebeCTU^ 

molecule on a peptide. In othea: instances, cells have been -g^etically engineered to espre^ a 




an expressed peptide occurs wiMn the cell 

Peptides may also be modified by addition of O-linked glycans, also called miaoa- 
typegjycam because of Unlike N^ycansShat 

5 are linked to asparagine residues and are formed by en bloc transfer of oHgosaccharide &om 
lipid-boimd intermediates, Q-glycans are linked primarily to serine and threonine residues 
and are formed by fine stepwise addition of sugars fiona nucleotide sugars (Tanner <s& aL , 
Biochim. Biophys. Acta. 9®6:81-91 (1987); and Hounsell <sz? a£, Glycoconj. J. 0:19-26 
(1996)). Peptide function can be affected by the structure of the O-Hnked gjycans present 

10 thereon. For essanple, flue activity of P-selectm Egand is affected by tike Q-linked gUycssi 
structure present llhereoiiL For a review of Q-linked glyran structures, see Schachte* and 
Bmc&hamsCT, line Biosynthesis of Branched O-Linked Glyeans, 1989, Society for 
BspmmasnitaS Biology, pp. 1 -26 {Great Britain). Other giycosylation patens are formed by 
linking glycosy^>hosphatidylinositol to the caiboxyl-teminal carboxyl group of the protein 

IS (Takeda <s& dL> Trmds Biochem. ScL 20:367-371 (1995); and UdeaMeBid & aL 9 Am. Sev. 
Biodwm. (£4:593-591 (1995). 

Although various techniques currently exist to modify the N-linked glycans of 
peptides, thjsne exists in the ait flue need for a generally applicable method of pmdndng 
peptide tavmg a desired, L©., a customized giycosylation pattern- Their® is a particular Bsed 

20 m s^rt fear tihe oMomized m v&r® ^ycosyMicaa of peptides, wtece t&e resulting peptide 
caatepmAM^ This m& other meeds ere met by the present mvention. 

The administration of glycosylated and mon-glycosylated peptides for engmdering a 
particular physiological response is well known im the medicinal arts. Among the best know 
pqptite ictillized for finis prapose is jjnsartifani, wMcfa is mod to treat diabedes. Bnizymes have 

25 ^h^mdiM^^A^^m&ohmc&s. A major factor, which has limited &e use of 
thsrspsmtic peptides is the immunogenic nature of most peptides. In a patient, an 
. inmunogsniic response to an administered peptide can neojfealize tlhe' peptide and/or lead to 
the development of an allergic response in the patient Other deficiencies of therapeutic 
peptides include subqptimal potency and rapid clearance rates. The problems inherent in 

30 peptide therapeutics are recognized in the art, and various methods of eliminating tine 
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problems have tem investigated. To provide sokble peptide tfcygs'apeEtics, sysAefc 
polymers have b©m attached to the pqptidtab&dkbone. 

Polyethylene glycol ("PEG* 5 ) is an exemplary polymer that has bean conjugated to 
peptides. The use of PBG to derivatize peptide iherape^^ 
5 the immimogenicdty of the peptides and prolong ft e clearance tkae fem &e circuMon. For 
example, U.S. Pat No. 4,179,337 (Davis et aL) concerns non-immxmogenic peptides, such as 
eizymes and peptide hormones compiled to polyethylene glycol (PEG) or polypropylene 
glycol Betwera 10 and 100 moles of polymer are used p@r mole peptide and at feast 15% of 
the physiological activity is maintained. 

10 WO 93/15189 (Veronese e& t&) concerns a method to mainltaihni the activity of 

polye&ylene glycolnnacdified proteolytic enzymes by linking the proteolytic isozyme to a 
m&cromoiecularized inhSMttar. The conjugates are intoided for medical applications. 

The principal mode of attachment of PEG, and its derivatives, to peptides is a non- 
specific bonding through a peptide amino acid residue. For example, U.S. Patent No. 

15 4,088,538 discloses an enzymaticaHy active polymer-enzyme conjugate of an enzyme 
covalenily bound to PEG. Similarly, U.S. Patent No. 4,496,689 discloses a covalently 
attached complex of a- 1 protease inhibitor with a polymer such as PEG-or 
metezypoly(e%ten© glycol) OnPEG"). AbuchowsM et aL (/. BioL Ckem. 25%: 3578 
(1 977) discloses the covalenfc attachment of mPEG to an amine giroup ofbovine ssnran 

20 albumin. ILLS. Pstesrt No. 4,414,147 discloses a mefeod of mattering interfraon less 

hydrophobic by conj ugating it to an anhydride of a dicarboxyiic. acid, such as poly{e&ytene 
succinic anhydride). PCT WO 87/00056 discloses conjugation of PEG and 
poly(osy^&ylat©d)l polyols to mdh proteins as kterfcron-p, intedeuMn-2 and immunotoxins. 
EP 154316 discloses and claims cfamcaly modified lympholrines, such as IDL-2 containing 

25 PEG bimded directly to aSl^st one piraiOTy amino of Ae lynnipholdne. ILS. Patent No. 
4,055,635 disclose pharmacOTtical ©Depositions of a water-soluble complex of a proteolytic 
enzyme linked covalmlffiy to a polymieric substance such as a polysaccharide. 

Another mode of attaching PEG to peptides is through the non-specific oxidation of 
glycosyi residues on a peptide. The oxidized sugar is utilized as a locus for attaching a PEG 

30 moiety to the peptide. For example M'Timkulu (WO 94/05332) discloses the use of a 
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hydrazine- « amino-PEG to add PEG to a ^yccpnoteHHL The glycosyi moielies are randomly 
oxidized to the conespomding aldehydes, which are subsequently coupled to amko-PEG. 

In each of tie methods described above, polyethylene glycol) is added in a random, 
non-speriffic manner to reactive residues om a pq)tidebacMKDne. For the production of 
5 therapeutic peptides, it is clearly desirable to utilize a derivafizafcion strategy that results in the 
formation of a specifically labeled, readily diarariterizable, essentially homogeneous pmdact 

Two principal classes of enzymes are rased in the synthesis of casbohydrates, 
glycosytansfeoses fag., sialyltramfeases, oHgosacdiaryltmnsfeaseSp N* 
acetylglucosazniny^ The glycosidases are iafflrfluH' classified as 

10 i^ogSycosidases (e.g. 9 ^-maanosidase^ f^-gfacosidase), and mdoglycosidlases (e.g. 9 Endta-A, 
Etodo-M). Each of these classes of enzyme has hern successfully esed synthetically to 
prepare ca^hydrates. For a general review,^ Cmw&e&aL, Gsm 9 . Opfa Cksm. 3ioL&:9ft- 
111 (1998). 

Glycosyitransferases modify the oligosaccharide structures cn peptides. 

15 Qycosyitamsfeases are e 

^regiochemical control Glycosyitransferases have been iiised to prepare oHgosaccharito 
and to modify tesaninal N- and O-Knked caxbohydrate structures, particularly on peptides 
. produced in mammalian cells. For example, the terminal oligosaccharides of giyccpeptides 
have h&m ©nanpletoly sMyMed md/osr fcoosyiated to provide more consistent sugar 

20 statees, which improves gJycopqstM© pharmacodynamics and a variety of other biological 
properties. For example, p^l,4-gabctosyito?nsfease is nsed to synthesize toctosamine, an 
iltosQsrfon of the Mffity of jpyoosylta^^ in the synthesis of carbohydrates (see, <s.g. 9 
W<mg &dL. J. Org. Chsm. 47: 54116-5418 (1982)). Moreover, nmnecoias syEKfihetic 
pmcete^ have made nose ofc>^ial3%s5aisfaa^ to transfer sialic add ffioun oy&idine-S 9 - 

25 monq^^lM^ add to the 3-OH or 6-OH of galactose (see, e*g. 9 Kevin et 

aL 9 Ckm. Ewr. J. 2: 1359-1362 (1996)). Fucosyitraasfaases are used in synfeetic pathways 
to tasasfe a ffucose unit from gumosk&-5*-diphospho&cose to a specific hydroxy! of a 
saccharide acceptor. For example, IcbikE^ 

involve She fucosylation of sialylated kctosamine with a cloned fkxjsj^tansfease 
30 (fcMkaro e$al 9 J.Am. Chem. $o& M4: 9283-9298 (1992)). For a discussion of recent 
advances kglycocon^ Kcelier e$al 9 Na$Mre 
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Biotechnology IS: 835-841 (2000). &e also, U.S. Patent No. 5,876,980; 6,030,815; 

5,728,554; 5,922^77; and WO/9831826. 

Glycosidases^ also be Bsed^ Glycosidases nosmally catalyze 

Hhe hydrolysis of a glycosidic bond. However, raider appropriate conditions, they can be used 
5 llofbimtlMslnskage. Most glycosidases used for caibohydr^ syn&esis esogjycosidases; 

the gl^syl transfer occurs at the non-reducing temiinTO ^ Hie glycosides© 

binds a glycosyl donor in a glycosyl-enzyme intermediate that is eMier interested by water 

to yield the hydrolysis product, or by an acceptor, to graraate anew glycoside or 

oHgosacdhiaride. An exemplary pathway using a^ 
j 0 MsaccSmrid© of all N-lin&ed ^ycopeptides, including Sue p-mannosidl© linkage, which is 

ifonned by the action of p-mamiosidase (Simgh <e£ aL p Ckem. Comsmm. 993-994 (1996)). 
Hb another exemplary application of the use of a glycosidase to ten a glycosidk 

linkage, a mutant glycosidase has been prep ared in which (be normal nmcleophilic amino add 

wMiin the active site is changed to a non-micleophilic amino acid The mutant enzyme does 
15 ' not bydrolyze glycosidic linkage, but can still form them. Smcb a mutant glycosidase is used 

to prepare oligosaccharides using an a-glycosyl fluoride donor and a glycoside acceptor 

molecale (Withers et aL, U.S. Patent No. 5,716,812). 

AlhoBgh their imse is less common than that of the e&ogiycosidases, endoglycosidases 

aze alsa usffizsd to prepay carbohydrates. Mefikcds based om tfflne w® of ^ndogllycosida^ 
20 tavet&eadvsMagel&atsnoM^^ 

Oligosaccharide fragments have bom added to substrates using <gR^f^N-acei^^ 

such as <smSo^¥ 9 mdoM (Wang e& aL, Tetrahedron LsSL 37: 1975-1978); and Haneda e& aL, 

Carbd^Sr. to. 292: 61-70 (1996)). 

]fan addition to their ns© in preparing casdbohydrat^, flh© ©nzysnes discussed above are 
25 ^MedtotesynSh^of^ycop^rtidesaswelL Thesynflsesisofahomog^iious^yco&rm 

of ribonuclleas© B has besa published (Witte EL et aL, J. Am. Ghem. See. 119: 2114-2118 

(1997)). The MghmamiosecoreofribonuclesseB was cleaved by treating &e glycopeptid© 

with endoglycosidase EL The cleavage ocamed specific^ 
• residues. The te&rasaocharide sialyfl Lewis X was them ensym^'callly rebuilt on flte rm«hriing 
30 GlcNAc anchor site on the now homogenous protein by the sequential use of 0-1,4- 
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galactosyl^ md a-l,3-&cosytaasfess© Y. However, • 

whie eacfe enzymaticaHy c^ 

not been adapted for fee generation of glycop eptides on an industrial scale. 

Me&ods combining bo& diemical and eazymatic synthetic elements arc also known 
5 in the art. For example, Yamaanoto and cowoatas {Carbohydr. Res. 3JD§: 415-422 (1998)) . 
reported the chemoenzymatic synthesis of the glycopeptide, glycosylated Peptide T 9 using m 
. endogjycosidase. The N-ac^tjdgliiM^samnjd peptide was synthesized by putrefy dhemcsl 
means. The peptide was subsequently eaxzyxnatically elaborated with the oHgoseoDtaide of 
hraniam transferrin peptide. Th© saccharide portion was added to the peptide by treating it 
10 v^aamdo^N-aixfy^ The resulting glycosylated peptide was MgWy 

stable and lesistant to proteolysis when* co^arnd to the peptid© T and N-acetylgtaco saminyl 

r 

peptide To 

The hbs© of j^ycosytaansfaas^ to modify peptide stnactoe with reporter grants has 
been explored. For example, Bxossmer e£ al (U.S. Patent No. 5,405,753) discloses the 

15 ■ formation of a fflTOrescrat-labeled cyfcidine monophosphate (pCMP") derivative of sialic acid 
and the ns© of the ftaoxesasat glycoside in an assay for sMyitransfesse activity and for tfflie 
fflTOresceot-labeling of cell siarfaces, glycoproteins and peptides. Grass <s$ &L (Anafyl 
Biodwm. 1186: 127 (1990)) describe a similar assay. Bean <st al (OS. Patent Wo. 5,432,059) 
disclbses an assay for glycosylatim deffidimcy dasoantes utilizing reglycosyiation of a 

20 deficit y glycosylated pirotem. The deficient protein is regiycosylated with a flrairesosiit- 
labded CMP glycoside. Each of the ffliiraescCTt sialic acid derivatives is substituted with flue 
fitaesc^moie^ 
mi Tteme&cd^ 

^yDosjdtirsaiisfasses or'for wn^ycosylated or rapop^Jy glycosylated ^ycopmteks. The 
25 assays are conducted on small asmomts of ©szyme or glycoprotein in a sample of biological 
origan. The eazymtatic derivafization of a glycosylated or moEhglycosylated peptid© on a 
preparative or industrial scale losing a modified sialic acid has not been disclosed or suggested 
in the prior art. 

Considerable effort has also been directed towards the modification of cell surfaces by 
30 altering glycosyl residues presented by those surfaces. For example, Fuknda and cowos&era 
have developed a method for attaching glycosides of defined structure onto cell surfaces. 



-7- 



WO 03/031464 



PCT/US02/32263 



The method exploits the relaxed substrate specificity of a fucosyitransferase that can transfer 
fucose and fucose analogs bearing diverse glycosyi substrates (Tsuboi et aL, J. Biol Cherru 
271:27213(1996)). 

Enzymatic methods have also been used to activate glycosyi residues on a 

5 glycopeptide towards subsequent chemical elaboration. The glycosyi residues are typically 
activated using galactose oxidase, which converts a terminal galactose residue to the 
corresponding aldehyde. The aldehyde is subsequently coupled to an amine-containing 
modifying group. For example, Casares et aL (Nature Biotech. 19: 142 (2001)) have attached 
doxorubicin to the oxidized galactose residues of a recombinant MHCH-peptide chimera. 

10 Glycosyi residues have also been modified to contain ketone groxq>s. For example, 

Mahal and co-woricers (Science 276: 1125 (1997)) have prepared N-levulinoyl mannosamine 
CManLev"), which has a ketone functionality at the position normally occupied by the acetyl 
group in the natural substrate. Cells woe treated with the ManLev, thereby incorporating a 
ketone group onto the cell surface. See, also Saxon et aL, Science 287: 2007 (2000); Hang et 

15 aL,J.Am. Cherru Soc 123: 1242 (2001); Yarema et aL, J. Biol Chem. 273: 31 168 (1998); 
and Charter et aL, Gtycobiology 10: 1049 (2000). 

The methods of modifying cell surfeces have not been applied in the absence of a cell 
to modify a glycosylated or non-glycosyiated peptide. Further, the methods of cell surface 
modification are not utilized for the enzymatic incorporation preformed modified glycosyi 

20 donor moiety into a peptide. Moreover, none of die cell surface modification methods are 
practical for producing gjycosyl-modified peptides on an industrial scale. 

Despite the efforts directed toward the enzymatic elaboration of saccharide structures, 
there remains still a need for an industrially practical method for the modification of 
glycosylated and non-glycosylated peptides with modifying groups such as water-soluble 

25 polymers, therapeutic moieties, biomolecules and the like. Of particular interest are methods 
in which the modified peptide has improved properties, which enhance its use as a 
' therapeutic or diagnostic agent Hie present invention fulfills these and other needs. 
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SUMMARY OF TSE INVENTION 

Hie invention includes a multitude of methods of remodeling a peptide to have 
a specific glycan structure attached thereto. Although specific glycan structures are described 
herein, the invention should not be construed to be limited to any one particular structure. In 
5 addition, although specific peptides are described herein, the invention should not be limited 
by the nature of the peptide described, but rather should encompass any and all suitable 
peptides and variations thereof 

The description which Mows discloses the preferred embodiments of the 
invention and provides a written description of the claims appended hereto. The invention 
10 encompasses any and all variations of these embodiments that are or become apparent 
following a reading of the present specification. 

The invention includes a cell-free, in vitro method of remodeling a peptide 
ha vin g the fonn olas 

| — AA — X 1 — X 2 

15 wherein 

AA is a terminal or internal amino acid residue of the peptide; 
X l -X 2 is a saccharide covalently linked to title AA, wherein 
X 1 is a first glycosyi residue; and 

X 2 is a second glycosyi residue covalently linked to X 1 , wherein X 1 and X 2 are 
20 selected from monosaccharyl and oligosaccharyl residues. The method comprises: 

(a) removing X 2 or a saccharyl subunit thereof from the peptide, thereby 
forming a truncated glycan; and 

(b) contacting the truncated glycan with at least one glycosyltransferase and at 
least one glycosyi donor under conditions suitable to transfer the at least 

25 one glycosyi donor to the truncated glycan, thereby remodeling the 

peptide. 

* 

In one aspect, the method further comprises 
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(c) removing X 1 , thereby exposing the AA; and 

(d) contacting the AA with at least one glycosyltransferase and at least one 
glycosyl donor undo- conditions suitable to transfer the at least one 
glycosyl donor to the AA, thereby remodeling the peptide. 



In another aspect, the method further comprises : 

(e) prior to step (b), removing a group added to the saccharide during post- 
translational modification. 



In one embodiment, die group is a member selected from phosphate* sulfite, 
carboxylate and esters thereof 

10 In another embodiment, the peptide has the formula: 

| — AA — Z X 1 — X 2 

wherein 

Z is a member selected from O, S,NH, and a crosslinker. 

At least one of the glycosyl donors comprises a modifying group, and the 
IS modifying group maybe a member selected from the group consisting of a water-soluble 
polymer, a therapeutic moiety, a detectable label, a reactive linker group, and a targeting 
moiety. Preferably, the modifying group is a water soluble polymer, and more preferably, the 
water soluble polymer comprises polyethylene glycol). Even more preferably, the 
polyethylene glycol) has a molecular weight distribution that is essentially homodisperse. 

20 In this and several other embodiments, the peptide maybe selected from the 

group consisting of granulocyte colony stimulating factor, interferon-alpha, interferon-beta, 
Factor Vila, Factor DC, follicle stimulating hormone, erythropoietin, granulocyte macrophage 
colony stimulating factor, interferon-gamma, alpha- 1 -protease inhibitor, beta-glucosidase, 
tissue plasminogen activator protein, interleukin-2, Factor Vm, chimeric tumor necrosis 
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fector receptor, urokinase, chimeric anti-glycoproteinllb/nia antibody, chimeric anti-HER2 
antibody, chimeric anti-respiratory syncytial virus antibody, chimeric anti-CD20 antibody, 
DNase, chimeric anti-tumor necrosis fector antibody, human insulin, hepatitis B sAg, and 
human growth hormone. 

5 Also included in the invention is a cell-free in vitro method of remodeling a 

peptide having the formula: 

Man— (X 3 )a 
(A / 



| — AA — GlcNAc — GlcNAc — Man — (X*X, 



\ 



Man— 
(X 7 ) e 

wherein 

X 3 .X 4 X s .X <5 .X 7 andX n are independently selected monosaccharyi or 
10 oligosaccharyl residues; and 

a, b, c, d, e^ and x are independently selected from the integers 0, 1 and 2, with 
the proviso that at least one member selected from a, b, c, d, e, and x is 
lor 2. The method comprises: 

(a) ranovingatleastcmeofX 3 ,X 4 ,X 5 ,X 6 ,X 7 orX 17 , or a saccharyl subunit 
15 thereof from the peptide, thereby forming a truncated glycan; and 

(b) co nt acting the truncated glycan with at least one glycosyltransferase and at 

least one glycosyl donor Tauter conditions suitable to transfer the at 
least one gjycosyi donor to the truncated glycan, thereby remodeling 
the peptide. 

20 In one aspect, the removing of step (a) produces a truncated glycan in which a, 

b, c, e and x are each 0. 
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In another aspect, X 3 , X s and X 7 are selected from the group consisting of 
(mannose)* and (mannose^CX 8 ^ 
wherein 

X 8 is a glycosyi moiety selected from mono- and oligosaccharides; 
5 y is an integer selected from 0 and 1; and 

z is an integer between 1 and 20, wherein 

when z is 3 or greater, (marmoset is selected from linear and branched 
structures. 

hi yet another aspect, X 4 is selected from the group consisting of GlcNAc and 
10 xylose, hi a further aspect, wherein X 3 , X 5 and X 7 are (mannose)„, wherein u is selected 
from the integers between 1 and 20, and when u is 3 or greater, (mannose)o is selected from 
linear and branched structures. 

At least one of the glycosyi donors comprises a modifying group, and the 
modifying group maybe a member selected from the group consisting of a water-soluble 
1 5 polymer, a therapeutic moiety, a detectable label, a reactive linker group, and a targeting 

moiety. Preferably, the modifying group is a water soluble polymer, and more preferably, the 
water soluble polymer comprises polyethylene glycol). Even more preferably, the 
polyethylene glycol) has a molecular weight distribution that is essentially homodisperse. 

In addition, the peptide may be selected from the group consisting of 
20 granulocyte colony stimulating factor, intoferon-alpha, interferon-beta, Factor Vila, Factor 
K, follicle stim ulating hormone, erythropoietin, granulocyte macrophage colony stimulating 
factor, interferon-gamma, alpha-1 -protease inhibitor, beta-glucosidase, tissue plasminogen 
activator protein, intedeukm-2, Factor Vm, chimeric tumor necrosis factor receptor, 
urokinase, chimeric anti^ycoproteinllb/IIIa antibody, chimeric anti-HER2 antibody, 
25 chimeric anfi-respiratory syncytial vims antibody, chimeric anti-CD20 antibody, DNase, 
chimeric anti-tumor necrosis factor antibody, human insulin, hepatitis B sAg, and human 
growth hormone. 
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Also included is a cell-free in vitro method of remodeling a peptide 
comprising a glycan having the formula: 

Man — (GlcNAc)s 



(Fuc), / 
|— AA — GlcNAc — GlcNAc — Man 



Ian — (GlcNAcJt 
wherein 

5 r, s, and t are integers iadepeaideatly selected from 0 and 1. The method 

comprises: 

(a) contacting the peptide with at least one glycosyltransferase and at least 

one glycosyl donor under conditions suitable to transfer the at least one 
glycosyl donor to the glycan, thereby remodeling the peptide. 

10 In a preferred embodiment, at least one of the glycosyl donors comprises a 

modifying group, and the modifying group may be a member selected from the group 
consisting of a water-soluble polymer, a therapeutic moiety, a detectable label, a reactive 
linker group, and a targeting moiety. Preferably, the modifying group is a water soluble 
polymer, and more preferably, the water soluble polymer comprises polyethylene glycol). 

1 5 Even more preferably, the polyethylene glycol) has a molecular weight distribution that is 



Further, the peptide maybe selected from the group consisting of granulocyte 
colony stimulating factor, interferon-alpha, interferon-beta, Factor Vila, Factor DC, follicle 
stimulating hormone, erythropoietin, granulocyte macrophage colony stimulating factor, 
20 interferon-gamma, alpha-l-protease inhibitor, beta-ghicosidase, tissue plasminogen activator 
protein, mterieukin-2, Factor Vm, chimeric tumor necrosis factor receptor, urokinase, 
chimeric anti-gjycoproteinllb/ina antibody, chimeric anti-HER2 antibody, chimeric anti- 
respiratory syncytial virus antibody, chimeric anti-CD20 antibody, DNase, chimeric anti- 
tumor necrosis factor antibody, human insulin, hepatitis B sAg, and human growth hormone. 
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In yet another aspect, the peptide has the formula; 

$ — AA — GalNAc — (Galfc — X 2 

<K 

wherein 

X 9 and X 10 are independently selected monosaccharyl or oligosaccharyl 

5 residues; and 

m, n and f are integers selected from 0 and 1. 
In another aspect, the peptide has the formula: 



| — AA — Man 



(X ,2 )r 
wherein 

10 X u and X 12 are independently selected glycosyl moieties; and 

r and x are integers independently selected from 0 and 1. 

In a prefaied embodiment, X 11 and X 12 ate (mannose)^ wherein 
q is selected from the integers between 1 and 20, and when, q is three or 
greater, (mannose) q is selected from linear and branched structures. 

15 hi another aspect, the peptide has the formula: 

(FUC), 
(GlcNAc^— <X 13 ) h 



| — AA GalNAc— (Galjp-pc 14 )! 



wherein 

X 13 , X 14 , and X 15 are independently selected glycosyl residues; and 
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g,h,i,j,k,andp are independently selected from the integers 0 and 1, with 
the proviso that at least one of g, h, i,j, k and p is L 

hi one embodiment of this aspect of the invention, X 14 and X 15 8ie members 
independently selected from GlcNAc and Sia; and i and k are independently selected from the 
5 integers 0 and 1, with the proviso that at least one of i and k is 1, and if k is l,g,h, andj are 
0. 

In another aspect of the invention, the peptide has the formula: 

X 16 

Gal 
I 

(FucX,— GlcNAc 
| — AA — GalNAc— Gal — Sia 

wherein 

10 X 16 is a member selected from: 

(Fuc), 

| — Sia; |— GlcNAc— Gal — Sia; and |— GlcNAc— Gal GlcNAc— Gal — Sia 

wherein 

s, u and i are independently selected from the integers 0 and 1. 



On one embodiment of the invention the removing utilizes a glycosidase. 



15 Also included in the invention is a cell-free, in vitro method of remodeling a 

peptide having the formula: 



M4 



wherein 
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AA is a terminal or internal amino acid residue of the peptide; 
X 1 is a gjycosyi residue covalently linked to the AA, selected from 



monosaccharyl and oligosaccharyl residues; and 
u is an integer selected from 0 and 1. The method comprises: contacting the 
peptide with at least one glycosyltransferase and at least one glycosyl donor 
under conditions suitable to transfer the at least one glycosyl donor to the 
truncated gjycan, wherein the glycosyl donor comprises a modifying group, 
thereby remodeling the peptide. 



In a preferred embodiment, at least one of the glycosyl donors comprises a 



10 modifying group, and the modifying group may be a member selected from the group 
consisting of a water-soluble polymer, a therapeutic moiety, a detectable label, a reactive 
linker group, and a targeting moiety. Preferably, the modifying group is a water soluble 
polymer, and more preferably, the water soluble polymer comprises polyethylene glycol). 
Even more preferably, the polyethylene glycol) has a molecular weight distribution that is 

15 essentially homodisperse. 



granulocyte colony stimulating factor, interferon-alpha, interfeon-beta, Factor Vila, Factor 
IX, follicle stimulating hormone, erythropoietin, granulocyte macrophage colony stimulating 
factor, interfexon-gamma, alpha-l-protease inhibitor, beta-gjucosidase, tissue plasminogen 
20 activator protein, interieukin-2, Factor Vm, chimeric tumor necrosis factor receptor, 
urokinase, chimeric anfi-glycoproteinllb/nia antibody, chimeric anti-HER2 antibody, 
chimeric anti-respiratory syncytial virus antibody, chimeric anti-CD20 antibody, DNase, 
chimeric anti-tumor necrosis factor antibody, human insulin, hepatitis B sAg, and human 
growth hormone. 

25 The invention additionally includes a covalent conjugate between a peptide 

and a modifying group that alters a property of the peptide, wherein the modifying group is 
covalently attached to the peptide at a preselected glycosyl or amino acid residue of the 
peptide via an intact glycosyl linking group. 
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In one aspect, the modifying group is a member selected from the group 
consisting of a water-soluble polymer, a therapeutic moiety, a detectable label, a reactive 
linker group, and a targeting moiety. 

In another aspect, the modifying group and an intact glycosyi linking group 
5 precursor are bound as a covalently attached unit to the peptide via the action of an enzyme, 
the enzyme converting the precursor to the intact gjycosyl linking group, thereby f3nning the 
conjugate. 

The covaleni conjugate of the invention comprises: 
a first modifying group covalently bound to a first residue of the peptide via a first 
10 intact glycosyi linking group, and 

a second gfycosyl linking group bound to a second residue of the peptide via a 
second intact glycosyi linking group. 

In one embodiment, the first residue and the second residue are structurally 
identical hi another embodiment, the first residue and the second residue have different 
15 structures. In an additional embodiment, the first residue and the second residue are glycosyi 
residues. Ia another embodiment, the first residue and the second residue are amino add 
residues. 

In vet another embodiment, the peptide is remodeled prior to f orming the 
conjugate. Preferably, peptide is remodeled to introduce an acceptor moiety for the intact 
20 glycosyi linking group. 

In another embodiment, the modifying group is a water-soluble polymer that 
may comprises polyethylene glycol), which, in another embodiment, may have a molecular 
weight distribution that is essentially homodisperse. 

In yet a further embodiment, the peptide is selected from the group consisting 
25 of granulocyte colony stimulating factor, interferon-alpha, interfeon-beta, Factor VHa, 
Factor DC, follicle stimulating hormones, erythropoietin, granulocyte macrophage colony 
stimulating factor, interferon-gamma, alpha-l-protease inhibitor, beta-ghicosidase, tissue 



-17- 



WO 03/031464 



PCT/US02/32263 



embodiment, Hie glycosyltransferase is recombinantly produced, and in another embodiment, 
the glycosyltransferase is a recombinant prokaryotic enzyme or a recombinant eukaryotic 
enzyme. 

In yet a further embodiment, the nucleotide sugar is selected from the group 
consisting of UDP-glycoside, CMP-glycoside, and GDP-glycoside and is preferably selected 
from the group consisting of UDP-galactose, UDP-galactosamine, UDP-glucose, UDP- 
ghicosamine, UDP-N-acetylgalactosamine, UDP-N-acetylglucosamine, GDP-mannose, 
GDP-fiicose, CMP-sialic acid, CMP-NeuAc. 

In another embodiment, the peptide is a therapeutic agent 

Id yet another embodiment, the glycosylated peptide is partially 
deglycosyiated prior to the contacting. 

In a further embodiment, the intact glycosyl linking group is a sialic acid 

residue. 

Further, the method may be performed in a cell-free environment 

And, in another embodiment, the covalent conjugate may be isolated, and 
preferably, the covalent conjugate is isolated by membrane filtration. 

There is also provided a method of forming a covalent conjugate between a 
first glycosylated or non-glycosylated peptide, and a second glycosylated or non-glycosylated 
peptide cqjoined by a linker moiety, wherein 

the linker moiety is conjugated to the first peptide via a first intact glycosyl linking 
group interposed between and covalently linked to both the first peptide and 
the linker moiety, and 
die linker moiety is conjugated to die second peptide via a second intact glycosyl 
linking group interp osed between and covalently linked to both the second 
peptide and the linker moiety. The method comprises: 
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(a) contacting the first peptide with a derivative of the linker moiety precursor 
comprising a precOTsor of the first intact glycosyi linking group and aprecursor of 
die second intact glycosyl linking group; 

(b) contacting the mixture fiom (a) with a glycosyl transferase for which the 

5 precursor of the first glycosyl linking group is a substrate, under conditions 

sufficient to convert the precursor of the first intact glycosyl linking group into the 
first intact glycosyl linking group, thereby forming a first conjugate between the 
linker moiety precursor and the first peptide; 

(c) contacting the first conjugate with the second peptide and a glycosyltransferase 
10 for which the precursor of the second intact glycosyl group is a substrate under 

conditions sufficient to convert the precursor of the second intact glycosyl linking 
group into the second glycosyl linking group, thereby forming the conjugate 
between the linker moiety and the first glycosylated or non-glycosyiated peptide, 
and the second glycosylated or non-glycosylated peptide. 

15 in one aspect, the linker moiety comprises a water-soluble polymer, and in one 

embodiment, the water-soluble polymer comprises polyethylene glycol). 

i 

There is also provided a method of forming a covalent conjugate between a 
first glycosylated or non-glycosyiated peptide, and a second glycosylated or non-glycosyiated 
peptide cojoined by a linker moiety, wherein 
20 the linker moiety is covalenfly conjugated to the first peptide, and 

the linker moiety is conjugated to the second peptide via an intact glycosyi linking 
group interposed between and covalentiy linked to both the second peptide and the 
linker moiety. The method comprises: 

(a) contacting the first peptide with an activated derivative of the linker moiety 
25 comprising; 

a reactive functional group of reactivity complementary to a residue on 
the first peptide, and aprecursor of the intact glycosyl linking grppp, 
under conditions sufficient to form a covalent bond between the reactive 
functional group and the residue, thereby forming a first conj ugate; and 
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(b) contacting the first conjugate with the second peptide and a glycosyitransferase 
for which the precursor of the intact glycosyl linking group is a substrate, undo: 
conditions sufficient to convert the precursor of the intact glycosyl linking group 
into the intact glycosyl linking group, thereby forming the conjugate between the 
first glycosylated or non-glycosylated peptide, and die second glycosylated or 
non-glycosylated peptide cojoined by the linker moiety. 

In one embodiment the linker moiety comprises a water-soluble polymer, 
which may be polyethylene glycol). 



Also provided is a pharmaceutical composition comprising a pharmaceutical^ 
1 0 acceptable diluent and a covalent conjugate between a polymer and a glycosylated or non- 
glycosylated peptide, wherein the polymer is conjugated to the peptide via an intact glycosyl 
finking group interposed between and covalently linked to both the peptide and the polymer. 



The invention further includes a composition for forming a conjugate between 
a peptide and a modified sugar, the composition comprising: an admixture of a modified 
IS sugar, a glycosyitransferase, and a peptide acceptor substrate, wherein the modified sugar has 
covalently attached thereto a member selected from a polymer, a therapeutic moiety and a 
biomolecule. 

The invention also includes peptides remodeled using the methods of the 
invention and pharmaceutical compositions comprising the remodeled peptides. 

20 Also provided in the invention is a compound having the formula: 



(M\i P-O-Nu) 



-p-jo-P- 



wherein 
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MS is a modified sugar comprising a sugar covalenlly bonded to a 

modifying group; 
Nu is a nucleoside; and 
b is an integer from 0 to 2. 

5 In one aspect, there is included a compound having the formula; 




wherein 

10 X, Y, Z, A and B are members independently selected from S, 0 and 

NH; 

R 21 , R 22 , R 23 , R 24 , and R 25 members independently selected from H and 
a polymer; 

R 26 is a member selected from H, OH, and a polymer; 
15 R 27 is a member selected from COO" and Na + ; 

Nu is a nucleoside; and 
a is an integer from 1 to 3. 



The invention further provides a cell-free, in vitro method of remodeling a 
peptide having the formula; 

I— AA 

20 * 
wherein 

AA is a terminal or internal amino acid residue of the peptide. Hie method 
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contacting the peptide with at least one glycosyitransferase and at least one 
glycosyi donor under conditions suitable to transfer the at least one glycosyi donor to the 
amino acid residue, herein the glycosyi donor comprises a modifying group, thereby 
remodeling the peptide. 

S In each of die embodiments that are discussed below, specific remodeling 

schemes and peptides are identified solely to emphasize preferred embodiments of the 
invention. 

The invention therefore includes a method of forming a conjugate between a 
granulocyte colony stimulating factor (G-C3F) peptide and a modifying group, wherein the 
10 modifying group is covalenlly attached to the G-CSF peptide through an intact glycosyi 
linking group, die G-CSF peptide comprising a glycosyi residue having the formula: 

-|-GaINAc-<Gal) B -(Sia) c - <R) d 

wherein 

a, b, c, and e are members independently selected from 0 and 1; 
disband 

R is a modifying group, a mannose or an oligomannose. The method 
comprises: 

(a) contacting the G-CSF peptide with a glycosyitransferase and a modified 
glycosyi donor, comprising a glycosyi moiety which is a substrate for 
die glycosyitransferase covalently bound to the modifying group, 
under conditions appropr iate for the formation of the intact glycosyi 
linking group. 

La one embodiment, die method further comprises: 
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(b) prior to step (a), contacting the G-CSF peptide with a sialidase undo* conditions 

appropriate to remove sialic acid from the G-CSF peptide. 

in another embodiment, the method further comprises: 

(c) prior to step (a), contacting the G-CSF peptide with a galactosyl transferase and a 

galactose donor under conditions appropriate to transfer the galactose to the 

# 

G-CSF peptide. 

hi yet another embodiment, the method further comprises: 

(d) contacting the product from step (a) with a moiety that reacts with the modifying 

group, thereby forming a conjugate between the intact glycosyi linking group 
and the moiety. 

In another embodiment, the method further comprises: 

(e) prior to step (a), contacting the G-CSF peptide with N-acetylgalactosamine 

transferase and a GalNAc donor under conditions appropriate to transfer 
GalNAc to the G-CSF peptide. 

In a further embodiment, the method further comprises: 

(f) prior to step (a), contacting the G-CSF peptide with endo-N- 

acetyigalactosaminidase operating synthetically and a GalNAc donor under 
conditions appropriate to transfer GalNAc to the G-CSF peptide. 

In yet a further embodiment, the modifying group is a member selected from a 
polymer, a toxin, a radioisotope, a therapeutic moiety and a gjycoconjugate. 

hi specific embodiments, referring to the GCSF peptide formula presented 
above, a, b, c, and e are 0. Alternatively, a and e are members independently 
selected from 0 and 1; and b,c, and d are 0. Alternatively, a, b, c, d, and e are 
members independently selected from 0 and 1 . 

The invention further includes a G-CSF peptide conjugate formed by the 
above-described methods. 
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There is also included a method of forming a conjugate between an interferon 
alpha peptide and a modifying group, wherein the modifying group is covalently attached to 
the glycopeptide through an intact glycosyl linking group, the glycopeptide comprising a 
glycosyl residue having a formula selected from: 



r 
! 



^[(HcNAiKCSaOJ. -<Sia}- (R) v ^ 

^[CacNAiKGaDJ, - (Sia),- (R) w ] 8 
\ ^[GldMc-CGaQJg — (Si^j— (R) x ) f 

^[Ca^AiKCSalXi - (Sia^- (R^ ] 

aa 



Man 



Man 4 



; and 



bb 



10 



wherem 



15 



20 



25 



a, b, c, d, i, n, o, p, q, r, s, t, u, aa, bb, cc, dd, and ee are members 

independently selected from 0 and 1; 
e, f, g, and h are membeis independently selected from the integers 

from 0 to 6; 

j, k, 1, and m are members independently selected from the integers 

from 0 to 20; 
v,w,x,y, and z ate 0; and 

R is a modifying group, a mannose or an oligomannose 
R* is H, a glycosyi residue, a modifying group, or a glycocorqugate. 
The method comprises: 
(a) contacting the glycopeptide with a member selected from a 

glycosyttransferase, an endo-acetylgalactosaminidase operating 
synthetically and a trans-siaHdase> and a modified glycosyl donor, 
comprising a glycosyl moiety which is a substrate for the 
glycosyttransferase covalently bound to the modifying group, under 
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conditions appropriate for the formation of the intact glycosyi linking 
group. 

In one embodiment, the method further comprises: 

(b) prior to step (a), contacting the glycopeptide with a sialidase under conditions 

appropriate to remove sialic acid from the glycopeptide. 

i 

In another embodiment, the method further comprises: 

(c) contacting the product from step (a) with a moiety that reacts with the modifying 

group, thereby forming a conjugate between the intact glycosyi linking group 
and the moiety. 

In yet an additional embodiment, the method further comprises : 

(d) prior to step (a) contacting the glycopeptide with a combination of a glycosidase 

and a sialidase. 

In an additional embodiment, the method further comprises: 

(e) prior to step (a), contacting the glycopeptide with an endoglycanase under 

conditions a pp ro pri ate to cleave a glycosyi moiety from the glycopeptide. 

In yet another embodiment, the method also comprises: 

(f) prior to step (a), contacting the glycopeptide with N-acetyighicosamine transferase 

and a GlcNAc donor under conditions appropriate to transfer GlcNAc to the 
glycopeptide. 

In addition, the method also comprises: 

(g) prior to step (a), contacting the glycopeptide with a galactosyl transferase and a 

galactose donor unite conditions appropriate to transfer galactose to the 
product 

Also, the method further comprises: 

(h) prior to step (b), contacting the glycopeptide with endoglycanase under conditions 

appropriate to cleave a glycosyi moiety from the glycopeptide. 



-26- 



WO 03/031464 PCT/EJS02/32-263 



• Hne invention also &rther comprises: 
® prior to step (a), contacting the giycopeptide with si mssmo sidase mate: conditions 
appropriate to ranove aaamose from the giycopeptide. 

En addition, the method Ma comprises: 
5 (j) contacting the product of step (a) with a sialyltransferase and a sialic acid donor 

mnckff conditions appropriate to teansfe sialc add to the prodiH& 

In one aspect, the modifying gEOBp is aimember selected foom a polymer, a t®iwi> a 
radioisotope, a teraptsinfic nxoiefcy and a glycoconj^gafe 

According to fee mveetion md wiSh irespect to the interferon alpha peptide fomrala 
10 disclosed above, a, b, c,d,aa, andbb sue 1; e, £ g, and h a^e mennbeirs independently selected 
fiona the integsas tana 1 to 4; i, j,k, % im, t 9 s, It, u, and ec aremeratas independmfly selected 
from 0 and 1; and n,o,p,q, v 9 w 9 s»y 9 2;dd 9 8indware0. Altemativdy,apb p c,dp£^ 
m, m, o, p, q, s> n, v, w, x, y, z, cc, dd, and ee ai© 0; e, g, i, r, and t are meanbeas independently 
selected from 0 and 1 ; and aa and bb are 1 . Alternatively, a,b,Cpd,ep&g,U 9 ]^l,niir,8,t, 
15 aadmare mmtes kdepenribntly selected from 0 and 1 ; h is a membea: indqieadently 
sdectedfemtlhein^^ 

Altenati^rfy, a, b 9 ©, 4£Wp^^*^ v » w »^yp^^ TO ^^fci ff »^ tTO 
Hfl^ob^mdqp^ Alternatively, a, b, ©, d, 

^Sp&K^hKX^K and <M as© 0; ir, s, t,B, v, k, and y are mambess iadiqp^^y ^lectad 
20 firam 0 anal 1; and aa and bb ante L AltemaSiWy, a^ 

members indqpendra% selected firai 0 and 1 ; j , Ik, 1, nn, v, w, s, y, and MsmQ; sand aa and 
bbsneL ABtenaati^^ 

selected ten 0 and 1 ; h is a smoubea: indqpmdsnfly selected &®m ft© intqgKS flranoi 1 to 3 ; v, 
w, x, y, said dd ssne 0; and aa and bfowsl. Altam&tivdy 9 a, b, d, ft li»j»Mro»8»HV 9 TO,*, 
,25 y, and did ams 0; & i, r, and It aze moite independently selected from 0 and 1 ; and aa and 
bbareL Alternatively, n, o, andp a^Mmba^ iBdqjendently selected Sran 0 and 1; q is 1; 
aadz,cc,andeeareO. Alternatively, n and q are nranbars independently selected from 0 
aadl;ando,p,z,cc,andeeaieO. Alternatively, n is Oot l;qis 1 ; and o, p, z, cc* and ee are 
0. Altenaafiv^^ 

-27- 



WO 03/031464 PCT/US02/32263 



andeeareO. Alternatively, n, o, p, and q are members independently selected fiom 0 and 1 ; 
and z, cc, and ee are 0. Alternatively, n and q are members independently selected from 0 
and 1; and o, p, z, cc, and ee are 0. Alternatively, n, o, p, q, z, cc, and ee are 0. 

There is also provided an interferon alpha peptide conjugate formed by the disclosed 
5 method. 

The invention also includes a method of forming a conjugate between an interferon 
beta peptide and a modifying group, wherein the modifying group is covalently attached to 
the interferon beta peptide through an intact glycosyl linking group, the interferon beta 
peptide comprising a glycosyl residue having the formula: 



10 



r 



"S 



r 

(FucX 

— GlcNAc^GlcNAoMan 



/([CHcNAcKGalU-CSia^-CRX 
/^([GlcNAcKCSal^-CSia),,- (RX\ 

N^ftCHcNAc-CGal)^- (Sia),- (R), \ 



([GlcNAcKGalU- (Sia) m - <R) y ) 



jj/q 



wherein 



15 



20 



a, b, c, d, i, p, q, r, s, t, and u are members independently selected fiom 
Oandl; 

e> f, & and h are members indq>oidently selected from the integas 
between 0 and 6; 

j , k, 1, and m are members independently selected from the integers 

between 0 and 100; 
v, w,x,andyare0; 

R is a modifying group, mannose or oligomannose; and 
R' is H or a glycosyl, modifying group or glycoconjugate group, the 
method comprises: 
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(a) contacting the interferon beta peptide with a member selected from a 
glycosyltransferase and a trans-sialidase and a modified glycosyl 
donor, comprising a glycosyl moiety which is a substrate for the 
glycosyltransferase covalently bound to the modifying group, under 
S conditions appropriate for the formation of the intact glycosyl linking 

group. 

In one embodiment, the method further comprises: 

(b) prior to step (a), contacting die interferon beta peptide with a sialidase under 
conditions appropri ate to remove sialic acid from the interferon beta peptide. 

10 In another embodiment, the method further comprises : 

(c) contacting the product from step (a) with a moiety that reacts with the modifying 

group, thereby forming a conjugate between the intact glycosyl tinting group 
and the moiety. 

In yet another embodiment, the method also further comprises: 
15 (d) prior to step (a) contacting the interferon beta peptide with a combination of a 

glycosidase and a sialidase. 

In an additional embodiment, the method further comprises: 

(e) prior to step (a), contacting the interferon beta peptide with an endoglycanase 

under conditions appropriate to cleave a glycosyl moiety from the interferon 
20 beta peptide. 

Also, tiie method further comprises: 

(f) prior to step (a), contacting the interferon beta peptide with N-acetyigJucosamine 

transferase and a CHcNAc donor under conditions ap propri ate to transfer 
GlcNAc to die interferon beta peptide. 

25 Additionally, the method also further comprises: 



-29- 



WO 037031464 PCT/US02/32263 



(g) prior to step (a), contacting the interferon beta peptide with a galactosyl 
transferase and a galactose donor under conditions appropriate to transfer galactose to 
the product 

In yet another embodiment, the method further comprises: 
S (h) prior to step(b), contacting the interferon beta peptide with endoglycanase under 

conditions appropriate to cleave a glycosyi moiety from the interferon beta peptide. 

In yet a further embodiment, the method further comprises: 
(i) prior to step (a), contacting the interferon beta peptide with a mannosidase under 
conditions appropriate to remove matmose from the interferon beta peptide. 

10 In addition, the method further comprises: 

Q) contacting the product of step (a) with a sialyitransferase and a sialic acid donor 
under conditions appro pri ate to transfer sialic acid to the product 

In one aspect, the modifying group is a member selected from a polymer, a 
toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

15 In preferred embodiments and referring to the beta interferon peptide formula 

disclosed above, his a member independently selected from the integers between 1 and 3; a, 
b, c> d, ei, £ g, i, j , k, 1, m, r, s, t, and u are members indepettdmtly selected from 0 and l;n,v, 
w,x,andyareO;andq,pare 1. Altenativdy,a,b,<^d > ^h,j,l^l,m,n,s,ii,v,w,x, 
are 0; e, g, i, t, and t are members independently selected from 0 and 1; and q, pare L 

20 Alternatively, aAc»d,e^S^ 

independently selected from 0 and 1. Alternatively, a, b,c,d,e,^ g,h, I, j,k,l,m,r, s,t,u, 
v,w,x,andyareO;andp,qarel. Alteniativdy,a,b,c,d,e,^g,h,i,j,k,l,m,andnareO; 
q, p are 1; and r, s, t; u, v, w, x, and y are members independently selected from 0 and 1. 
Alternatively, a, b, c, d, e» £ g, h, i, r, s, t, andu are members imlependently selected from 0 

25 andl;j,k,l,m,n,v,w,x,andyareO;andq,parel. Alternatively, wherein a, b,c,d,h,j,k, 
1, m, r, s, t, and u are members independently selected from 0 and 1; e, £ g, are members 
selected from the integers between 0 and 3; n, v, w, x, and y are 0; and q, p are 1. 
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Alternatively, a, b, c, d, i, j, k, 1, ^ 
ftomOandl;e > £g ) airfharel;aiMinjV,w»x,andyareO. 

Further included is an interferon beta peptide conjugate formed by the above- 
described method 

The invention also provides a method of forming a conjugate between a Factor Vila 
peptide and a modifying group, wherein the modifying group is co valently attached to the 
Factor Vila peptide through an intact gfycosyl linking group, the Factor VHa peptide 
comprising a glycosyl residue having a formnla which is a member selected from: 

C /([GIcNAc-(Gal) J,- (Sia) r (R) v 



i 



^ [[(HcNAcKGal^-CSiaVCR)^ 



wheacein 

a, b, c, d, i, o, p, q, r, s, t, and u, are members independently selected from 0 arid 1; 
e, £ g, h and n are members independently selected from the integers from 0 to 6; 
15 j, k, 1 and m are members independently selected from the integers from 0 to 20; 

v, w, x and y are 0; and 
Ris a modifying group, amannose, an oligomannose, SialylLewis* or SialylLewis 8 . 
The method comprises: 

(a) contacting the Factor VHa peptide with a glycosyitransferase and a 
20 modified gfycosyl donor, comprising a gfycosyl moiety \frhich is a 
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group, under conditions appropriate for the formation of the intact 
glycosyl linking group. 

In a preferred embodiment, the method further comprises: 

(b) prior to step (a), contacting the Factor Vila peptide with a sialidase under 
5 conditions appropriate to remove sialic acid from the Factor VHa peptide. 

In yet another preferred embodiment, the method comprises: 

(c) prior to step (a), contacting the Factor Vila peptide with a galactosidase under 
conditions appropriate to remove galactose from die Factor VHa peptide. 

la another embodiment, the method comprises : 
10 (d) prior to step (a), contacting the Factor Vila peptide with a galactosyl 

transferase and a galactose donor under conditions appropriate to 
transfer the galactose to the Factor Vila peptide. 

In an additional embodiment, the method comprises: 
(e) contacting die product of step (a) with a sialyltransferase and a sialic add 
15 donor under conditions appropri ate to transfer sialic acid to the 

. product 

In one aspect, the modifying group is a member selected from a polymer, a 
toxin, a radioisotope, a therapeutic moiety and a gfycoconjugate. 

In preferred embodiments, and referring to the Factor Vila peptide formula 
20 disclosed above, a, b, c, d, e, g, i, j, 1, o,p and q members independently selected from 0 and 
l;randtarel;^h,k,m,s,u > v,w,xandyareO;andnis selected from the integer from 0 
to4. Altanatively,a,b,c,d,e,t&h,ij, k,l,m,n,,o,p,q,r,s,tanduaiemanbOT 
independently selected from 0 and 1; v, w, x and y are 0; and n is a member selected from the 
integers from 0 to 4. 



25 



In addition, there is included a Factor VHa peptide conjugate formed by the 
method disclosed herein. 
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The invention additionally provides a method of forming a conjugate between 
a Factor DC peptide and a modifying group, wherein the modifying group is covalently 
attached to the Factor DC peptide through an intact glycosyi linking group , the Factor DC 
5 peptide comprising a glycosyi residue having a formula which is a member selected from: 

(FucX /([GlcNAcKGal)j e -(Sia) r (R)J r 
— -GlcNAc-GlcNAc-Man /^([GlcNA^Gal^H^- (R) w ] fl . 

^fclcNAc-(GalU- (Sia) m - (R\\ 

-^INAiKGalX-CSiaVCRx] ; — (-Gl(KXyl)J^ ;and 



-Ric^GlcNAc^Gal^KSia^J-CR), 



gg 



wherein 

10 a,b,<^d,i,n,o,p,q,^s > ^u,MHcc,dd,ee,ffaDdggaremaiil)ets 

independently selected from 0 and 1; 
e, £ g, h and aa are members independently selected from the integers from 0 
to6; 

j, k, 1 and m are members independently selected from the integers from 0 to 
15 20; 

v,w,x,ymdzareO; 

R is a modifying group, a mannose or an oligomannose. The method 
comprises 

(a) contacting the Factor IX peptide with a glycosyltransferase and a modified 
20 glycosyi donor, comprising a glycosyi moiety which is a substrate for 

the glycosyltransferase covalently bound to the modifying group, 



-33- 



WO 03/031464 PCT/US02/32263 



10 



under conditions appropriate for the formation of the intact glycosyl 
linking group. 

In one embodiment, the method further comprises: 
(b) prior to step (a), contacting the Factor DC peptide with a sialidase under 
conditions appropriate to remove sialic acid from the Factor DC 
peptide. 

In another embodiment, the method further comprises: (c) contacting the 
product formed in step (a) with a sialyltransferase and a sialic acid donor under conditions 
appropriate to transfer sialic acid to the product 

Additionally, the method comprises: 

(d) contacting the product from step (b) with a galactosyltransferase and a 

galactose donor under conditions appropriate to transfer the galactose 
to the product* 

15 Moreover, the method comprises: 

(e) contacting the product from step (d) wifli ST3Gal3 and a sialic acid donor 

under conditions ap p ropri ate to transfer sialic acid to the product 

In yet another embodiment, the method further comprises : 
(d) contacting the product from step (a) with a moiety that reacts with the 
20 modifying group, thereby forming a conjugate between the intact 

glycosyl linking group and foe moiety. 

Also included is the fact that the modifying group is a member selected from a 
polymer, a toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

In additional embodiments and referring to the Factor DC peptide formula 
25 disclosed above, a, b, c, and d are 1; e, g and h are members independently selected from 
the integers from 1 to 4; aa, bb, cc, dd, ee, fi^ j, k, 1, m, i n, o, p, q, r, s, t and u are members 
independently selected from 0 and 1; and v, w, x, y, z and gg are 0. Alternatively, a, b,c,d, 
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n,q are independently selected from Oai^ 

selected fiom the integers from 1 to 4; bb, cc,dd,ee, j^j^Um.uo^p^r^tanduaie 
members mdepmulenfly selected fi^ 

a, b, c, d, n, bb, cc, dd and ff are 1 ; e, £ g, h and aa are members independently selected fiom 

5 fheintogcrafiOTilto4;q,e^ 

selected fiom Oandl;andv,w,x,y,zandggareO. Alternatively, a,b,c,dandqarel;e,£ 
g and h are members independently selected from the integers fiom 1 to 4; aa, bb, cc, dd, ee, 
fS j , k, 1, m, i, n, o, p, r, s, t and u are members independently selected from 0 and 1 ; and v, w, 
x, y, z and gg are 0. Alternatively, a,b, c, d, q, bb, cc, dd and ff are 1; aa, e, £ g and h are 

10 members independently selected fiom the integers from 1 to 4; ee, i, j, k, 1, m, o, p, r, s, t and 
u are members independently selected fiom 0 and 1; and v, w, x, y, z and gg are 0. 

Also included is a Factor DC peptide conjugate formed by the above disclosed 

method. 

^5 The invention also provides a method of forming a conjugate between a 

follicle stimulating hormone (FSH) peptide and a modifying group, wherein the modifying 
ffoup is covalently attached to the FSH peptide through an intact glycosyi linking group, the 
FSH peptide comprising a glycosyi residue having the formula: 



r 



— GlcNAc-GlcNAc-Man 



/([GlcNAc-(Gal)J e - (Sia) r <R) V 
/ tol ^([GlcNAc-(Gal) b l r (SiaV (R) w ), 



20 



\#. /([GlcNAc-(Gal)J g - (Sia),- (R\ \ 

[[GlcNAc-CGal)^- (Sia)^- (R)^ 



wherein 



a, b, c, d,i,q,r,s,t, and u are members independently selected from 0 and 1; 
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e, £ g, and h are members independently selected from the integers between 0 
and 6; 

j, k, 1, and m are members independently selected from the integers between 0 

and 100; 
v, w, x, and y are 0; and 

R is a modifying group, a mannose or an oligomannose. The method 
comprises: 

(a) contacting the FSH peptide with a glycosyitransferase and a modified 

glycosyl donor, comprising a gjycosyi moiety which is a substrate for 
the glycosyitransferase covalently bound to the modifying group, 
under conditions appropriate for the formation of the intact glycosyi 
linking group. 

In one embodiment, the method comprises: 

(b) prior to step (a), contacting the FSH peptide with a sialidase under conditions 

appropri ate to remove sialic acid from the FSH peptide. 

In another embodiment, the method comprises: 

(c) contacting the product of step (a) with a sialyltransferase and a sialic mad donor 

under conditions appropriate to transfer sialic acid to the product 

In yet another embodiment, the method comprises: 

(d) prior to step (a), contacting the FSH peptide with a galactosidase under conditions 

appropriate to remove galactose from the FSH peptide. 

In an additional embodiment, the method comprises: 

(e) prior to step (a) contacting the FSH peptide with a combination of a gtycosidase 

and a sialidase* 

In yet a further embodiment, the method comprises: 

(f) prior to step (a), contacting the FSH peptide with a galactosyl transferase and a 

galac tose donor under conditions appropriate to transfer the galactose to the 
FSH peptide. 
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In another embodiment, the method comprises: 

(d) contacting the product ffrm 

group, therd>y forming a conjugate between the intact glycosyl linking group 
and the moiety. 

S In a further embodiment, the method comprises: 

(e) prior to step (b), contacting the FSH peptide with an endoglycanase under 

conditions qjpropriate to cleave a glycosyl moiety fiom the FSH peptide. 

In another embodiment, the method comprises: 

(f) prior to step (a), contacting the FSH peptide with N-acetyighicosamine transferase 
jq and a GlcN^ donor undo: conditions appropi^ 

FSHpeptide. 

In yet another embodiment, the modifying group is a member selected fiom a 
polymer, a toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

Jn additional preferred embodiments and referring to the FSH peptide formula 

15 desraT>edabove,a,b,^d,y,t 

from 0 and l;e,£g,andharel; and v,w,x,andy are 0. Alternatively, a, b, c, d, e, &b.i 
j,k,l,m,q,r,s,t,anduare members independently selected from 0 and 1 ; v, w, x, and y are 
0. Alternatively, a, b,c»d,$h,j,k, U. s,ii,v,w,x,aiidyareO;aiide,&i,q,r,andtare 
members independently selected from 0 and L Alternatively, a, b,c,d,e,^ g,h,j,k,l, and 

20 mare0;i,q,r;8,t^v,w,x,andyareindf^denflysd^ 

(brandiedOT linear) is a membo" selected from mannose and oKgomannose. Alternatively, a, 
b,c,d,e,^g,h,j,k,l,m,r,s,t,ii,v,w,andyare(niisOOT 

Also included is a FSH peptide conjugate formed by fee above^escribed 

method- 

25 

The invention further provides a method of forming a conjugate between an 
eryftropoietin (EPO) peptide and a modifying group, wherein the modifying group is 
covalenfly attached to fee EPO peptide through an intact glycosyl linking group, the 
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EPO peptide comprising a giycosyi residue having a formula which is a member 
selected from: 

CPuOi /([GlcNAcKGalXJ.- (Sia)j-(R)v \ 

— GlcNAc-GlcNAc-Mail ^(^cNA^Gal^CSiaV (R).] 

^ sfe /([GlcNA(KC3al)«] g -(Sia) 1 -(R),) t ' na 

N {[GlcNAc^Gal^^SiaV (R-^ 

fSia). 

— (^lNAo-(GalMSia)p- (R)J q 



wherein 

a, b, a, d, i, n, o, p, q, r, s, t, and u are members independently selected 
15 from 0 and 1; 

e, £ g, and h are members independently selected from the integers 

between 0 and 4; 
j, k, I, and m are members independently selected from the integers 
between 0 and 20; 
20 v, w, x, y, and z are 0; and 

R is a modifying group, amannose or anoligomannose. The method 
comprises! 

(a) contacting the EPO peptide with a glycos^rtransfaase and a modified 
glycosyi donor, comprising a glycosyi moiety which is a substrate for 
25 the glycosyftransferase covalently bound to the modifying group, 

under conditions a ppropri ate for the formation of fee intact glycosyi 
fmlftng group. 

. In one embodiment, the method comprises: 
(b) prior to step (a), contacting the EPO peptide with a sialidase under conditions 
30 appr o pri ate to remove sialic acid from the EPO peptide. 
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In anotho* embodiment, the method comprises: 

(c) contacting the product of step (a) with a sialyftransferase and a sialic acid donor 

under conditions appropriate to transfer sialic acid to the product 

In yet another embodiment, the method comprises: 

(d) prior to step (a), contacting the EPO peptide with a galactosidase operating 

synthetically under conditions appropriate to add a galactose to the EPO 
peptide. 

In an additional embodiment, the method comprises: 

(e) prior to step (a), contacting die EPO peptide with a galactosyl transferase and a 

galactose donor under conditions appro priate to transfer the galactose to the 
EPO peptide. 

In a further embodiment, the method comprises: 

(f) contacting the product from step (e) with ST3 Gal3 and a sialic acid donor under 

conditions appropri ate to transfer sialic acid to the product 

Additionally, the method comprises: 

(g) contacting flie product from step (a) wilh a moi^ that reacts with the nK)difying 

group, thereby forming a conjugate between the intact gjycosyi linking group 
and the moiety. 

Also, the method comprises: 

(h) prior to step (a), contacting the EPO peptide with N-acetyiglucosamine transferase 

and a GlcNAc donor under conditions appropriate to trans fer GlcNAc to the 
EPO peptide. 

In another aspect, the modifying group is a member selected from a polymer, a 
toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

In preferred embodiment, and referring to the EPO peptide formula above, a, 
c, d, e, £ g, n, and q are 1; h is a member selected from the integers between 1 and 3; i, j, k, 
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1, m, o, p, r, s, t, and u ate members independently sdected firm 0 and 1; and, v,w,x,y and z 
areO. Aliemativdy,a,b,c,d,f^ 

are members independently selected from 0 and 1. Alternatively, a, b, c, d, e, f, g, b, i, j, k, 1, 
m, n, o, p, q, r, s, t, and u are members independently selected from 0 and 1 ; and v, w, x, y, 
and z are 0. Alternatively, a, b, c, d, e, f, g, n, and q are 1; his a member selected ftom me 
integere between 1 and 3; i,j,k,l,m > o,p,r,s,t, and u are merob^ 
from 0 and 1; and v,w,x,y and z are 0. Alternatively, a, b, c, d,f,h,j,k,l,m,o,p,s,u, v, 
w, x, y, and z are 0; and e, g, i, n, q, r, and t are mdependently selected fiximO and 1. 
Alternatively, a, b, c, d, f, b, j, k, 1, m, n, o, p, s, n, v, w, x, y, and z are 0; and e, fe i,q,r, andt 
aremembersmdef)endendyselec^&raOandl. Alternatively, q is i;a,b,c,d,e,f,g,h,i, 
n, r, s, t, and u are members mdependently sdectedfixmiOand l;andj,k,l,m,o,p,v, w.x, 
y.andzareO. 

Also included is an EPO peptide conjugate formed by die above-described 

method. 

The invention former provides a method of forming a conjugate between a 
granulocyte macrophage colony stimulating factor (GM-CSF) peptide and amodifying 
group, wherein die modifying group is covalently attached to the GM-CSF peptide through 
an intact grycosyllinldiig group, uw 
formula selected from: 

r f 

' ^([GMtAc-(d)Je-(Sia)!i-(R.), J, 

-UeNAojoicNAo-Man ^[McNA^Gal).],-^-^ 
| \.([GlcNAiKGal)J r (Sia), - (R), I 

x ([GlcNAiKGalXil,- (SiaV Wy). 

J. 



(Fuc> 
GlcNA 



;and 



q 



iSia)o 



-| : GalNAo<Gal) n -(SiaV 



rim 
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wherein 

a, b, c, d, i, n, o, p, q, r, s, t, u, aa, bb, and cc are members 

independently selected from 0 and 1; 
e, £ & and h are members independently selected from the integers 

between 0 and 6; 
j , k, X and m are members independently selected from the integers 

between 0 and 100; 
v,w,x,andyareO; 

Ris a modifying group, mannose or oligomannose; and 
R* isHoragJycosyireadoe^oramodi^dnggro^ara 
glycoconjugate. The method comprises: 
(a) contacting the GM-CSF peptide with a giycosyitransferase and a modified 
glycosyi donor, comprising a glycosyi moiety which is a substrate for 
the giycosyitransferase covalently bound to the modifying group, 
under conditions appropri ate for the formation of the intact glycosyi 
linking group. 

In one embodiment, the method comprises: 

(b) prior to step (a), contacting the GM-CSF peptide with a siahdase under conditions 

appropri ate to remove sialic acid from the GM-CSF peptide. 

In another embodiment, the method comprises: 

(c) contacting theprodnct from step (a) with a moiety that reacts with the modifying 

group, thereby forming a conjugate between the intact glycosyi linking gpnsp 
and flie moiety. 

In yet another ^prriwtimflfrtj the method comprises: 

(d) prior to step (a) contacting the GM-CSF peptide with a combination of a 

glycosidase and a siattdase. 

In an additional embodiment, the method comprises: 
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(e) prior to step (a), contacting die GM-CSF peptide with an endoglycanase under 

conditions appropriate to cleave a glycosyi moiety fiom the GM-CSF peptide. 

Also, the method comprises: 
(£) prior to step (a), contacting the GM-CSF peptide with N-acetylglucosamine 
5 transferase and a dcNAc donor under conditions appropriate to transfer 

GfcNAc to the GM-CSF peptide. 

Additionally, the method comprises: 
(g) prior to step (a) contacting the GM-CSF peptide with a mannosidase under 

conditions appropriate to cleave a mannose residue fiom the GM-CSF peptide. 

10 Further, the method comprises: 

<h) prior to step (a), contacting the GM-CSF peptide with ST3Gal3 and a sialic add 
donor under conditions appr o pri ate to transfer sialic acid to the product 

In one aspect, the modifying group is a member selected from a polymer, a 
toxin, a radioisotope, a therapeutic moiety and a gtycoconjugate. 

15 la additional preferred embodiments and referring to the GM-CSF peptide 

formula described above, a, b, c, d, i, j, k, 1, m,o,p,q,r,s,t,ii,aiidaaaremcmb^ 
mdependentiy selected fiom 
Altemalivdy, a, b, d, i, j, k, 1, m, o, p, q, r, s, t, 

selected fiom 0 and 1; bb, e, £ g, h, andn are members independently selected from 0 and 1; 
20 andcc,v,w,x,y,andzareO. Alternatively, cc, a, b, c, d, t h,j,k,l,m,o,p, s,u, v, w,x,y, 

and z are 0; and e, g, i n, q, r, t, and aa are members indq>eodentlysdected fiom 0 and 1; 

andbbisl. Alternatively, a, b,c,d,e, t &h,i, j,k, ^n^^o^jZandccareO^r^s.t,!!,^ 

w, x, y, and aa are members indqpaidentty sdected from 0 and l;bbw 

orohgpmannose. Alteniativdy,a,b,^d,e>£g^ 
25 membOT independently selected fiom 0 and 1; andn,p,v, w,x,y,z, andccareO. 

Further included is a GM-CSF peptide conjugate formed by the above- 
described method. 
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The invention also includes a method of forming a conjugate between an 
interferon gamma peptide and a modifying group, wherein the modifying group is covalently 
attached to the interferon gamma peptide through an intact glycosyi linking group, the 
interferon gamma peptide comprising a glycosyl residue having the formula: 

r ^ 



I 



^[GkNAiKGalU, -(Sia),- (R^ J ^ 
0J«* J ^[GkNA<KGaI)J r - (SiaX- <R)1 a 

\ [[OkMAo<G»OJ, -(Sia), - (R), J f 
Man 



wherein 



10 



15 



20 



a,b,c,d,i,n,p,q,r, s, t, and u are members independentiy select^ 
from 0 and 1; 

e, £ g, and h aie membere independently selected from the integers 

between 0 and 6; 
j,k, 1, and m are members independently selected from the integers 

between 0 and 100; 
v,w,x,andyaie0; 

Ris a modifying group, mannose or oligomannose; and 
R* is H or a glycosyl residne, a glycol 
The method comprises: 
(a) contacting the interfi^nga^^ 

glycosyltransferase and a galactosidase operating synthetically and a 
modified glycosyl donor, comprising a -glycosyl moiety which is a 
substrate for the glycosyitransferase covalently bound to the modifying 
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group, under conditions appropriate for the formation of the intact 
glycosyl linking group. 

In one embodiment, the method comprises: 

(b) prior to step (a), contacting the interferon gamma p eptide with a sialidase under 

conditions a ppropri ate to remove sialic acid from the interferon gamm a 
peptide. 

In another embodiment, the method comprises: 

(c) contacting the product from step (a) with a moiety that reacts with the modifying 

group, thereby forming a conjugate between the intact glycosyl li n king group 
and the moiety. 

In an additional embodiment, the method comprises: 

(d) prior to step (a) contacting the interferon gamma peptide with a c ombi nat io n of a 

glycosidase and a sialidase. 

The method also comprises: 

(e) prior to step (a), contacting die interferon gamma peptide with an endoglycanase 

under conditions appropri ate to cleave a glycosyl moiety from the interferon 
gamma peptide. 

Additionally, the method comprises: 

(f) prior to step (a), contacting the interferon gamma peptide with N- 

acetyigtucosamine transferase and a GBcNAc donor mider conditions 
appropriate to transfer GteNAc to the interferon gamma peptide. 

Also, the method comprises: 

(g) prior to step (a), contacting the interferon gamma peptide with a galactosyl 

transferase and a galactose donor under conditions appropriate to transfer 
galactose to die product 

In a further embodiment, the method comprises: 
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(h) contacting fee product of step (a) with a sialyitransferase and a sialic acid donor 
under conditions appropriate to transfer sialic acid to die product 

In another aspect, the modifying group is a member selected from a polymer, a 
toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

* 

Additional preferred embodiments include, referring to the interferon gamma 
irrterferon peptide formula above, where a, b, c, d, i, j , k, L m, q, p, r, 8j t, and n are members 
independently selected from Oandl; e,f;g,andhare 1; and n,v,w,x, and yarn 0. 
Alternatively, a,b, c,d,i,j,k, l,m,r,s,t,anduare members independently selected from 0 
and l;p,q, e, f, g, andh are 1; and n,v,w,x, and yarn 0. Alternatively, a, b, c, d, f, h, j, k, 1, 
rn,n,s,u,v,w,x,andyare(V,ande,g,i,q > r,andtare members independently selected from 
0andl;andpisl. Alternatively, a, b,c, 4 e,fig,h,Lj,^ 

x, and y are members mdependently selected fromOandl;andpisl;andRismamiDseor 
oUgomarmose. Alternatively, a, b, c, d, i,j , k, 1, m, q, r,s,t, aim u are members 
independently selected from 0 andl;e,f; g,h,andparel;andn,v,w,x,andyareO. 

Further included is an interferon gamma peptide conjugate formed by the above- 
described method. 



The invention further includes a method of forming a conjugate between an 
20 alpha 1 protease inhibitor (A-l-Pl) peptide and a modifying group, wherein the modifying 
group is covalently attached to the A-l-PI peptide through an intact gjycosyl linking group, 
the A-l-PI peptide comprising a gtycosyj residue having the formula: 



(Foe* 
I 

an. 



ftcadiAiKGaw. -m,- (R)v] r 

Man 

TV / S" [GfcNA^Ganjr ^ (Sia),- (R)J g 

-Gk^Ac+jlcNAc-Man > < 

\ ^[GkNAiKGanj, _ (Sk), - (R)J % 

NjfCHcNAiKCJaD.J,, -<Sia)„- (R)J 



Man 
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wherein 

a, b, c, d, i n, p, q, r, s, t, and u arc members independently selected 
from 0 and 1; 

e, £ g, and h are members independently selected from the integers 

between 0 and 6; 
j , k, 1, and m are members independently selected from the integers 

between 0 and 100; 
v,w,x,andyareO; 

R is a modifying group, mannose and oligomannose; and 
R* is H or a glycosyl residue, a glycoconjugate, or a modifying group. 
The method comprises: 
(a) contacting the A-l-PI peptide with a glycosyitransferase and a modified 
glycosyl donor, comprising a glycosyi moiety which is a substrate for 
the glycosyitransferase covalently bound to the modifying group, 
under conditions appropriate for the formation of the intact glycosyl 
linking group. 

In one embodiment, the method comprises: 

(b) prior to step (a), contacting the A-l-PI peptide with a sialidase under conditions 

appropri ate to remove sialic acid from the A-l-PI peptide. 

Jn another embodiment, the method comprises: 

(c) contacting die product from step (a) with a moiety that reacts with the modifying 

group, thereby forming a conjugate between the intact glycosyi linking group 
and the moiety. 

The method also comprises: 

(d) prior to step (a) contacting the A-l-PI peptide with a combination of a gjycosidase 

and a sialidase. 

In addition, the method comprises: 
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There is also provided < 
by the above-described method. 



Also included in fee invention is a method of forming a conjugate between a 
5 beta gtocosidase peptide and a modifying group, wherem the modifying group is covalently 
attached to the beta gtacosidase peptide through an intact glycosyl linking group, the beta 
gtocosidase peptide comprising a glycosyl residue having the formula: 



r 



(Fnc> 
I 



I 



\ 



^(QfcHAcKGaiy, -(Sia\- (R),] 8 
JtfHcNAiKCWW, -(Sia),- (K\ ) { 



10 whciciu 

a, b, c, d, i, n, p, q, r, a, t, and u are members independently selected 
finmOandl; 

e, f, g, and h are members independently selected fimn foe integers 
between 0 and 6; 

15 j k, Land mare members independently selected from the integers 

between 0 and 100; and 
v,w,x,andyareO; 

R is a modifying group, a mannose or an ohgomannose; and 
R' is H or a glycosyl residue, a glycoconjugate, or a modifying group. 
2Q The method comprises: 

(a) contacting the beta gtocosidase peptide with a glycosyitransferase and a 
modified glycosyl donor, comprising a glycosyl moiety which is a 
substrate for the glycosyitransferase covalently bound to the modifying 
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group, under conditions appropriate for the formation of the intact 
gfycosyi linking group. 

In one embodiment, the method comprises: 

(b) prior to step (a), contacting the beta gjucosidase peptide with a sialidase under 

conditions appropriate to remove sialic acid from the beta gjucosidase peptide. 

In another embodiment, the method forther comprises: 

(c) contacting the product from step (a) with a moiety that reacts with the modifying 

group, therd>y forming a conjugate between the intact glycosyi linking group 
and the moiety. 

In yet another embodiment, die method comprises: 

(d) prior to step (a) contacting die beta gjucosidase peptide with a combination of a 

glycosidase and a sialidase. 

In an additional embodiment, die method comprises: 

(e) prior to step (a), contacting the beta ghicosidase peptide with an endoglycanase 

under conditions appropriate to cleave a glycosyi moiety from the beta 
gjucosidase peptide. 

Additionally, the method comprises: 

(f) prior to step (a), contacting the beta gjucosidase peptide with N-acetylglucosamine 

transferase and a GlcNAc donor under conditions appropriate to transfer 
GlcNAc to the beta gjucosidase peptide. 

Further, the method comprises: 

(g) prior to step (a) , contacting the beta gjucosidase peptide with a galactosyl 

transferase and a galactose donor under conditions appropriate to transfer 
galactose to die product 

In another aspect, die modifying group is a member selected from a polymer, a 
toxin, a radioisotope, a therapeutic moiety and a glycoconjugaie. 
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In preferred embodiments and referring to the beta ghicosidase peptide 
formula described above, a, b, c, d, i, j, k, 1, m, q, i;s,t, and u are members indq>endently 
selected from 0 and 1; p, e, f, g, and h are 1; and n, v, w, x, and y are 0. Alternatively, a, b, c, 
d, e, f, g, h, i, j, k, 1, m, q, r, s, t, and u are members independently selected fiom 0 and 1; and 
5 n,v,w,x,andyareO. Alternatively, a, b, c, d, f, h,j,k,l,m,n,s,u,v,w,x, and y are 0;e,g, 
i, q, r, and t are members independently selected fiom 0 and 1; and p is 1. or, n, a, b, c, d, e, 
fi fe h, i,j , k, J, and m are 0; q, r, s, t, u, v, w, x, and y are members mdependentiy selected 
fiom 0 and 1; p is 1; and R is mannose or oligomannose. 

10 The invention also includes a beta ghicosidase peptide conjugate formed by 

the above described method. 



15 



20 



The invention further provides a method of forming a conjugate between a 
tissue plasminogen activator (TPA) peptide and a modifying group, wherein the modifying 
group is covalendy attached to die TPA peptide through an intact grycosyl linking group, die 
TPA peptide having a glycosyl subunit comprising the formula: 



(Fuc)i 
i 



(R")o /([(HcNAc-(Gal)Je- (Siafc - (R)v ] 



/^([(HcNAicKGal^- (Sia)k- (R^)' 



Gld^Ae^jlcNAc-Man 



v {[GicNAc^Gal)^- (SiaV <R)J 



25 



30 



wherem 



a, b, c, d, i, n, o, p, q, r, s, t, u, v, w, x and y are members 

independentiy selected from 0 and 1; 
e, f, g, and h are members independently selected from the integers 

from 0 and 6; 

j,k,L and m are members independently selected from the integers 
from 0 and 100; 



-50- 



WO 03/031464 



PCT/US02/322G3 



R is a modifying group, marmose or oligomannose; 
R* is H or a glycosyl residue, a glycocorgugate, or a modifying group; 
and 

R" is a glycosyi group, a glycoconjugate or a modifying group. The 
method comprises: 
(a) contacting the TPA peptide with a member selected from a 

glycosyitransferase and a glycosidase operating synthetically and a 
' modified glycosyi donor, comprising a glycosyl moiety which is a 
substrate for the glycosyitransferase covalently bound to the modifying 
group, under conditions appropriate for the formation of the intact 
glycosyl linking group. 

In one embodiment, the method further comprises: 

(b) prior to step (a), contacting the TPA peptide with a sialidase undo* conditions 

appropriate to remove sialic acid from the TPA peptide. 

In another embodiment, the method comprises: 

(c) contacting the product of step (a) with a sialyttransferase and a sialic acid donor 

under conditions ap propri ate to transfer sialic add to the product 

In yet another embodiment, the method comprises: 

(d) prior to step (a), contacting the TPA peptide with a galactosyl transferase and a 

galactose donor under conditions a ppropri ate to transfer the galactose to the 
TPA peptide. 

La an additional embodiment, the method comprises: 

(e) prior to step (a) contacting the TPA peptide with a combination of a glycosidase 

and a sialidase. 

In yet another embodiment, the method comprises: 

(f) contacting the product from step (a) with a moiety that reacts with the modifying 

group, thereby forming a conjugate between the intact glycosyl linking group 
and the moiety. 
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In another embodiment, the method comprises: 
(g) prior to step (a), contacting the TPA peptide with N-acetyigtocosamine transferase 
and a GlcNAc donor under conditions appropriate to transfer GlcNAc to the 
TPA peptide. 



(h) prior to step (a), contacting the TPA peptide witii an endogrycanase under 

conditions appropriate to cleave a glycosyl moiety from the TPA peptide. 

In yet another embodiment, the method comprises: 

(i) prior to step (a), contacting the TPA peptide with a member selected from a 
10 mannosidase, a xyiosidase, a hexosaminidase and combinations thereof under conditions 

appropriate to remove a glycosyl residue fiom the TPA peptide. 

In one aspect, the modifying group is a member selected from a polymer, a 
toxin, a radioisotope, a therapeutic moiety and a gjycoconjugate. 

In preferred embwtinients and referring to the TPA peptide formula described 
15 above, a, b, c, d are l;e,t;g and h are members selected from Ihemtegera between 1 and 3; i, 
j,k,Lin,r,s,t,anduaremembOTmdep 

y areO. Alternatively, a,b, c, d, f,h, j,k, 1, m,n, o, s, u, v, w, x, andy are 0; e,& i, r, andt 
are meml>ere mdependently selected fiw 0 and 1; and q and parel. Alternatively, a, b,c,d, 
e, $ g, b, U , k, 1, m, p, q, r, s, t, and u are members independently selected from 0 and 1 ; and 

20 n, o, v, w,x, andy are 0. Alteniatrvety, a, b, c, d, e, ^ 

from the integers between I and 3; j, k, 1, m, i, q^r,s,t, and u are members mdependent^ 
selected from 0 and 1; andn, o,v,w,x, andy are 0. Alternatively, a,b, c, d, f;h,j, k, Lm,n, 
s, u, v,w,x, andy are 0; e,g,i,q,r, andt are members independently selected fiom 0 and 1; 
o is 1; andR" is xylose. Alternatively, a, b, c,d,i,j,k,l,n^q,r,s,t,anduaremenibers 

25 mdependently selected from 0 and 1; e, and h are 1; and n,o,v,w,x, andy are 0. 
Alternatively, a, b, c, d, e, f, g, h, j, k, L m, n, r, s, t, u, v, w, x, andy are 0;i and q are 
members mdependently selected fiom 0 and 1; and p is 1. Alternatively, a, b, c, d, e, t g, h, j, 
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k, U m, o , r, s, t, u, v, w, x, and y are 0; i and q are members indepeadenfl^ 
andl;pisO;andnisl. 

Also included is a TP A peptide conjugate formed by the above described 

5 method 

The invention also provides a method of forming a conjugate between an 
interleukin2 (BL-2) peptide and a modifying group, wherein the modifying group is 
wvdenfly attached to to 
10 peptide comprising a gjlyoos^ residue having ^fonnula: 



_( : AaINA(KC5al).-(Sia) c -(R) d J t 



wherein 



a, b, c, and e are members independently selected from 0 and 1; 
15 dis0;and 

R is a modifying group. The method comprises: 
(a) contacting the 11^2 peptide with a glycosyitransfease and a modified 

glycosyl donor, comprising a glycosyl moiety which is a substrate for 

the glycosyHransferase covalently bound to the modifying group, 
20 under conditions appropriate for the formation of the intact glycosyl 

finking group. 

hi one embodiment, fiie method further comprises: 
(b) prior to step (a), contacting the IL-2 peptide with a sialidase undo: conditions 
ap prop riate to remove sialic add from the IL-2 peptide, 

25 In another embodiment, the method comprises: 
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(c) prior to step (a), contacting the IL-2 peptide with an endo-N- 
acetylgalactosaminidase operating synthetically under conditions appropriate to add a 
GalNAc to the IL-2 peptide. 

hi yet an additional embodiment, the method comprises: 

(d) contacting the product fiom step (a) with a moiety that reacts with the modifying 

group, thereby forming a conjugate between the intact glycosyl linking group 
and the moiety. 

Further, the method comprises: 

(e) prior to step (a), contacting the IL-2 peptide with N-acetyigalactosamine 

transferase and a GaMAc donor under conditions appropriate to transfer 
GalNAc to the IL-2 peptide. 

In addition, the method comprises: 

(£) prior to step (a) contacting the IL-2 peptide with galactosyltransferase and a 
galactose donor under conditions appropriate to transfer galactose to the IL-2 peptide. 

In one aspect, die modifying group is a member selected from a polymer, a 
toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

In preferred embodments and re 
above, a and e are members independently selected from 0 and 1; and b,c, and d are 0. 
Alternatively, a, b, c, d, and e are 0. 

The invention additionally includes an JLr-2 peptide conjugate formed by the 

above described method. 

Also included in the invention is a method of forming a conjugate between a 
Factor Vm peptide and a modifying group, wherein the modifying group is covalently i 
attached to the glycopeptide through an intact glycosyl linking group, the glycopeptide 
comprising a glycosyl residue having a formula which is a member selected from: 
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r 



(JPucfc 



CHcNAi -CflcNAc-Man 



f [GkNA^Oaiy. -(aa),-(R) 1 

/ ^[CHd^OaOJ, - (SiaX- (R) w ] , 
\ ^[C3cNAiKaaI)J I -(Sia) 1 -(R) I ] t 

^[[(HcNAiKGal)^ - (SiaX,- (R) y ] 



V 



cc 



wherein 



10 



— kOaWAiKOaI)b-<SiaV 



15 



20 



a, b, c, d, i, n, o, p, q, r, s, t, u, aa, cc, and dd are members 

independently selected from 0 and 1; 
Cyiygy and h are members independently selected from the integers 

between 0 and 6; 
j , k, 1, and m are members independently selected from the integers 

between 0 and 20; 
v, w, x, y and z are 0; and 

R is a modifying group, amannose or an oUgomannose; 
R f is a member selected from H, a glycosyl residue, a modifying group 
and a gjycocoiqugate. The method comprises: 
(a) contacting the glycopeptide with a glycosjitransferase and a modified 

glycosyl donor, comprising a glycosyl moiety which is a substrate for 
the gfycosyltransferase covalently bound to the modifying group, 
under conditions appropriate for the formation of the intact glycosyl 
linking group* 

in one embodiment, the method comprises : 
(b) prior to step (a), contacting the glycopeptide with a sialidase under conditions 
appropri ate to remove sialic acid from the glycopeptide. 



In another embodiment, the method comprises: 
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(c) contacting the product of step (a) with a sialyitransf erase and a sialic acid donor 

under conditions a ppropri ate to transfer sialic add to the product 

Li an additional embodiment, the method comprises: 

(d) prior to step (a), contacting the glycopeptide with a galactosyl transferase and a 

galactose donor under conditions appropriate to transfer the galactose to the 
glycopeptide. 

Also, the method comprises: 

(e) contacting the product from step (a) with a moiety that reacts with the modifying 

group, thereby forming a conjugate between the intact glycosyl linking group 
and the moiety. 

Further, the method comprises: 

(f) prior to step (a), contacting the glycopeptide with N-acetylghicosamine transferase 

and a GlcNAc donor tinder conditions a p propri ate to transfer GlcNAc to die 
glycopeptide. 

Tn addition, the method comprises: 

(g) prior to step (a), contacting the glycopeptide with endoglycanase under conditions 

appropriate to cleave a gtycosyl moiety from the glycopeptide. 

The method also comprises: 

(h) prior to step (a), contacting the glycopeptide with ST3Gal3 and a sialic acid donor 

under conditions appropriate to transfer sialic acid to the product 

Moreover, the method comprises: 
(j) prior to step (a), contacting the glycopeptide with a mannosidase under conditions 
appropriate to remove mannose from the glycopeptide. 

In one aspect, the modifying group is a member selected from a polymer, a 
toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 
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In preferred embodiments and referring to the Factor VIII peptide formula 
described above, e, £ g, and h are members independently selected from the integers between 
1 and 4; a, b, c* d, i, j, k, 1, m, n, o, p, q, r, s, t, u, aa, and cc are members independently 
selected ftom 0 and 1 ; and v, w, y, z, and dd are 0. 

5 

There is also provided a Factor VDI peptide conjugate formed by the above 
described method. 

Further provided in die invention is a method of forming a conjugate between 
a tumor necrosis factor (TNF) alpha receptorttgG fusion peptide and a modifying group, 
10 wherein die modifying group is covalently attached to die glycopeptide through an intact 
glycosyl linking group, the glycopeptide comprising a glycosyl residue having die formula: 



^[GlcNAD^GalXJo — (Sia)j — (R) v ] ^ 

J ^[CHcNAiKGaDJ, - (Sia),- (R)J s 

, \ JtCHcNAiKGalXl, - (Sia), ~(R)J t 



He 
I 



j 



wherein 

15 4K*4»U^lm»*t4t^w,ww,rt 

independently selected fiomO and 1; 
e> f, g, and h are members independently selected from the integers 

between 0 and 4; 
n,v,x,andyareO; 

20 R is a modifying group, a mannose or an oligomannose; and 

R' is a member selected from H, a glycosyl residue, a modifying group 
and a glycoconjugate. The method comprises: 
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(a) contacting the glycopeptide with a glycosyltransferase and a modified 

glycosyl donor, comprising a gjycosyl moiety which is a substrate for 
the glycosyltransferase covalently bound to the modifying group, 
under conditions expropriate for the formation of die intact glycosyl 
5 linking group. 

In one embodiment, the method comprises: 

(b) prior to step (a), contacting the glycopeptide with a galactosyl transferase and a 

galactose donor under conditions appropriate to transfer the galactose to the 
glycopeptide. 

10 In another embodiment, the method comprises : 

(c) prior to step (a), contacting the glycopeptide with endogjycanase under conditions 

appropriate to cleave a glycosyl moiety from the glycopeptide. 

fa one aspect, the modifying group is a member selected from a polymer, a 
toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

15 In preferred embodiments and referring to the TNF alpha receptor/IgG fusion 

peptide formula presented above, a, c, i, j , and 1 are members independently selected from 0 
and 1 ; e, & q, r, t, and z are 1 ; and b, d, £ h, j, k, U m, n,s,u,v,w,x,andyareO. 
Alternatively, e, g, i, r, and tare members independently selected from 0 and 1; a,b, c, d,£h, 
j, k, U m, n, s, u, v, w, x, and y are 0; and q and z are 1 . 

20 

{ There is also provided a TNF alpha receptor/IgG fusion peptide conjugate 
formed by the above described method. 

The invention also includes a method of forming a conjugate between a 
25 urokinase peptide and a modifying group, wherein the modifying group is covalently attached 
to the urokinase peptide through an intact glycosyl linking group, the urokinase peptide 

y 

c omp rising a glycosyl residue having the formula: 
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r 



I 



Man ^ -\ 

[GkNA^GaOJ, - (SiB), - (R) x J t 

Man 



-A 



wherein 

a, b, c, d, i, n, p, q, r, s, t, and u are members independently selected 
from 0 and 1; 

5 e> £ & and h are members independently selected from the integers 

between 0 and 6; 
j, k, 1, and m are members independently ^selected from the integers 

between 0 and 100; 
v, w,x,andyareO; 

10 R is a modifying group, a mannose or an oligomannose; and 

R' is H or a glycosyl residue, a glycoconjugate, or a modifying group. 
Hie method comprises: 
(a) contacting the urokinase peptide with a glycosyltransferase and a modified 
glycosyl donor, comprising a glycosyl moiety which is a substrate for 
15 the glycosyltransferase covalently bound to the modifying group, 

under conditions appropriate for the formation of the intact glycosyl 
linking group- 
In one embodiment, the method comprises: 
(b) prior to step (a), contacting the urokinase peptide with a siaHdase under conditions 
20 appropri ate to remove sialic acid from the urokinase peptide. 

In another embodiment, the method comprises: 
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(c) contacting the product of step (a) with a sialyitransferase and a sialic acid donor 

under conditions appropriate to transfer sialic acid to the product 

hi yet another embodiment, the method comprises: 

(d) prior to step (a), contacting the urokinase peptide with a galactosyl transferase and 
5 a galactose donor under conditions appropriate to transfer die galactose to the 

urokinase peptide. 

In a further embodiment, the method comprises: 

(e) prior to step (a) contacting the urokinase peptide with a combination of a 

glycosidase and a sialidase. 

10 In yet another embodiment, the method comprises: 

(f) contacting the product from step (a) with a moiety that reacts with the modifying 

group, thereby forming a conjugate between the intact glycosyi linking group 
and the moiety. 

Additionally, the method comprises: 
15 (g) prior to step (a), contacting the urokinase peptide with N--acetylglucosamine 

transferase and a (HcNAc donor under conditions appropriate to transfer 
GlcNAc to the urokinase peptide. 

Further, the method comprises: 
(h) prior to step (a), contacting the urokinase peptide with an endoglycanase under 
20 conditions appropriate to cleave a glycosyi moiety from the urokinase peptide. 

In one aspect, the modifying group is a member selected from a polymer, a 
toxin, a radioisotope, a therapeutic moiety and a gjycoconjugate. 

In preferred embodiments and referring to the urokinase peptide formula 

desOTT)edabove,a,b,c,d,ij,t 
25 ^mOandl;e,tfeandharel;v,w,x,andyaieO;andpisl. Alternatively, a, b, c> d, e, f, 
g, h, i,j, k, X m, q, r, s, t, and u are members independently selected from 0 and 1; n, v, w, x, 
andyareOjandpisL Alternatively, a, b,c,d, £hj, k, l,m,n,s,u,v,w,x,andyareO;and 
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e,g,i,q,r,andt are members nulependently selected from 0 and I; and p is 1. Alternatively, 

a,b,c,d,e,t&M,^l^^ r »^^^ v ' w » x ^y TO ^ ifa0OTl;a ^ qandpaieL 
Alternatively, a,b,c,d,i,j,k,Lm,q,r,s,t,anduare members independently selected from 

0 and 1; e, f, g, andh are independently selected from 0,1 A 3 and 4; and n, v, w, x, and y 
are 0. Alternatively, a, b, c, d, e, £g. h, i, j.k, 1, m, o, r, s, t, u, v, w, x andy areO; qis 1; and 
nisOor 1. 



10 



15 



Also provided is a urokinase peptide conjugate formed by me above described 



method. 



The invention also includes a memod of forming a conjugate between an anti- 
glycoprotein Ob/HIa monoclonal antibody peptide and a modifying group, wherein me 
modifying group is covalenny attached to me grycopeptide through an intact glycosyl linking 
group, the gtycopeptide comprising a glycosyl residue having a formula which is a member 
selected from: 



v f [GlcNA^CSalW, - (Sia), - (R), J t 

Man 



I 

I 

<*TU 



; and 



wherein 

20 a, b, c, d, i, j, k, 1, m, r, s,t,u,z,aa,bb,cc, and ee are members 

independently selected from 0 and 1 ; 
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e, f, g, and h are members independenfly selected from the integera 

from 0 and 4; 
n, v, w, x, y, and dd are 0; 

R is a modifying group amannose or an oligomannose; and 
R'isa member selected from H, a glycosyl residue, a modifying group 
and a glycoconjugate. The method comprises: 
(a) contacting the gjycopeptide with a glycosyitransferase and a modified 

glycosyl donor, comprising a glycosyl moiety which, is a substrate for 
the glycosyitransferase covalently bound to the modifying group, 
under conditions appropri ate for the formation of die intact glycosyl 
linking group. 

Id one embodiment, the method comprises: 

(b) prior to step (a), contacting die glycopeptide with a siafidase under conditions appropriate 
to remove sialic acid from the gjycopeptide. 

In another embodiment, the method comprises: 

(c) contacting the product of step (a) with a sialyitransferase and a sialic acid donor under 
conditions appropr iate to transfer sialic acid to flue product 

In yet another embodiment, the method comprises: 

(d) prior to step (a), contacting the glycopeptide with a galactosidase operating 

synthetically under conditions appropri ate to add a galactose to the 
glycopeptide. 

In a further embodiment, the method comprises: 

(e) prior to step (a), contacting the glycopeptide with a galactosyl transferase and a 

galactose donor under conditions appropriate to transfer the galactose to the 
glycopeptide. 

In addition, the method comprises: 

(f) contacting die product from step (e) with ST3 GaB and a sialic acid donor under 

conditions appropriate to transfer sialic acid to the product 
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modifying group is covaleatly attached to the chimeric anti-HER2 antibody peptide through 
an intact glycosyl Unking group, die chimeric anti-HER2 antibody peptide c ompri s i n g a 
glycosyl residue having the formula; 



10 



15 



20 



r 



Pic)i 



r 



(R') n 



-^GlcNAc- GlcNAc-Man 



wherein 



/([GlcNA<KC3al)J e -(Sia) r (R) v ^ 
/^{[GlcNAcKGalU-CSia),- (R) w ] g 

QGlcNA(KGaI) A- (Sia),.- 



(a) 



Z 

J* 



a, b, c, d, i, j , k, 1, q, r, s, t, u, and z are members independently 

selected from 0 and 1; 
e, £, g, and h are members independently selected from the integers 

between 0 and 4; 
n,v,w,x,andyareO; 
mis 0-20; 

R is a modifying group, a mannose or an oligomannose; and 
R 9 is a member selected from hydrogen and a glycosyl residue, and a 
modifying group, the method comprises: 

'""La 



gjycosyhransferase and a modified glycosyl donor, comprising a 
glycosyl moiety which is a substrate for the glycosyitransferase 
co valently bound to the modifying group, under conditions appropriate 
for the formation of the intact glycosyl linking group. 



In one embodiment, the method comprises: 
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(b) prior to step (a), contacting the chimeric anti-HER2 antibody peptide with a 

galactosyl transferase and a galactose donor under conditions appropriate to 
transfer the galactose to the chimeric anti-HER2 antibody peptide* 

Jn another embodiment, the method comprises: 
5 (c) prior to step (a), contacting the chimeric anti-HER2 antibody peptide with 

endoglycanase under conditions appr opriate to cleave a gjycosyl moiety from 
flie chimeric anti-HER2 antibody peptide. 

In one aspect, the modifying group is a member selected from a polymer, a 
toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

10 In preferred embodiments and referring to the anti-HER2 antibody peptide 

formula described above, a, c, and i are members independently selected from 0 and 1 ; e, g, r, 
andtarel;b,d,i;h,j,k,l,ni,n,^ Alternatively, i 

isOorl;qandzarel;anda,b,^d,e,t^ 

Alternatively, e, g, i, r, and t are members independently selected from 0 and 1 ; a, b, c, d, h, 
15 j,k,l,m,n,s,u,v > w,x,andyareO;andqandzarel. 

Also provided is an anti-HER2 antibody peptide conjugate formed by the 
above described method. 

The invention further provides method of forming a conjugate between an 
20 anti-RSVF peptide and a modifying group, wherem the modifying group is covalently 
attached to the anli-RSVF peptide 
peptide comprising a glycosyl residue having the formula: 
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| J \ /([GlcNAcKGal^CSia)!-^) r 

W. (GlcNAc), ™\ ([GlcNAc-(Gal)ol,- (Sia)„- (R)J , 



w herein 

10 a,b,c>d,i,j,lc,l,m,p,q,r;s,1,u,andzarem 

from 0 and 1; 

e, £ g and h 8110 membere independently selected from the integere from 0 to 4; 
n,v,w,xandyareO; 

R is a modifying group, a mannose or an oligomannose; and 
15 R* is a member selected fiom Hand a glycosyl residue, a glycoconjugate, and 

a modifying group. The method comprises: 

(a) contacting the anti-RSV F peptide with a gtycosyitransferase and a 

modified glycosyi donor, comprising a glycosyl moiety which is a 
substrate for the glycosyitransferase covalently bound to the modifying 
20 group, under conditions appropri ate for the formation of the intact 

glycosyl linking group. 

In one embodiment, the method comprises: 

(b) prior to step (a), contacting the anti-RSV F peptide with a galactosyl 

transferase and a galactose donor under conditions appropriate to 
25 transfer the galactose to the anti-RSV F peptide. 

In another embodiment, the method comprises: 

(c) prior to step (b), contacting the anti-RSV F peptide with endogtycanase 

under conditions appropriate to cleave a glycosyl moiety from the anti- 
RSV F peptide. 
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In preferred embodiments and referring to the anti-RSV F peptide formula 
prt»mtedabov^a,c,e,gandiarem 

l;b,d,f,hJ,k,Lm,n,s,ii,v,w > xandyareO;iindzisl. Altonatively, a, b, c, d, e, f, g, h, 
j, k, 1, m, r, 8, t, u, v, w, x, y are 0; i and p are independently selected ftom 0 or 1; q and z are 
1 ; and n is 0. Alternatively, e, g, i, r and t are members independently selected from 0 and 1 ; 
a, b, c, d, f, h, j, k, 1, m, n, s, u, v, w, x and y are 0; and q and z are 1 . 

In one aspect, the modifying group is a member selected from a polymer, a 
toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

Also provided is an anti RSV F peptide conjugate formed by the above 
described method. 



15 



20 



25 



Also included in me invention is a method of forming a conjugate between an 
anti-CD20 antibody peptide and a modifying group, wherein foe modifying group is 
covalentiy attached to the anti-CD20 antibody peptide through an intact glycosyl finking 
group, me anti-CD20 antibody peptide having a glycosyl subumt comprising the formula: 

r /([(HcNAc-(Gal)Je- (Sia)j - (K\ )) 



— ^Gl 



(Fuc)i 
IcNAcrOlcNAc-Man 

(FX 



/^^([GlcNAc-CGal^lf- (Sia)*- (R)w][ 
\^^/[[GlcNAc-(Gal)J r (Sia),- (R)x )* 
N ([GlcNAcKGalXOh- {Sva^- (K)y\ 



> 



Vq 



wherein 

a, b, c, d, j, 1 1, m q, r, s, t, u and z are integer 
Oandl; 
e>£g,aiHihareiiidepeiid^ 
30 n,v,w,x,andyareO; 

R is a modifying group, amannose or an oligomannose; and 
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R' is a member selected from H, a glycosyi residue, a giycoconjugate or a 
modifying group. The method comprises: 

(a) contacting the anti-CD20 antibody peptide with a glycosyitransferase and 

a modified glycosyi donor, comprising a glycosyi moiety which is a 
substrate for the gjycosyitransferase covalently bound to the modifying 
group, under conditions appropri ate for the formation of the intact 
glycosyi linking group. 

In <me embodiment, the method comprises: 

(b) prior to step (a), contacting the anti-CD20 antibody peptide with a 

galactosyftransferase and a galactosyl donor under conditions 
appropriate for die transfer of die galactosyl donor to foe anti-CD20 
antibody peptide. 

Jh another embodiment, the method comprises : 

(c) prior to step (b), contacting the anti-CD20 antibody peptide with 

endoglycanase under conditions appropr iate to cleave a glycosyi 
moiety from die anti-CD20 antibody peptide. 

In yet another embodiment, the method comprises: 

(d) prior to step (a), contacting the anti-CD20 antibody peptide with a 

mazmosidase under conditions appropriate to remove mannose from 
the anti-CD20 antibody peptide. 

In (me aspect, foe modifying group is a member selected from a polymer, a 
toxin, a radioisotope, a therapeutic moiety and a giycoconjugate. 



ilS 

modified glycosyi donor is a modified galactosyl donor. 

In preferred embodiments and referring to the anti-CD20 peptide formula 
presented above, a,c,e,g and i are members independently selected from 0 and 1; r, t, q and 
zarel;andb,d,£h,j\k, l»m,ii, s,u, v,w,xandyaieO. Alteniativdy^c,^^!,^^!!!^ 
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j, k, 1, and m are members independently selected from the integers between 0 
and 100; 

v, w, x, and y are 0; and 

Ris a member selected from polymer, a glycoconjugaie, a 
mannose, an oligomannose and a modifying group. The method comprises: 
(a) conta cting recombinant DNase peptide with a gjycosyitransfearase and 
a modified glycosyl donor, comprising a glycosyl moiety which is a 
substrate for the glycosyitransferase covalently bound to the modifying 
group, under conditions appropriate for the formation of the intact 
glycosyl linking group. 

hi one embodiment, the method comprises: 

(b) prior to step (a), contacting the recombinant DNase peptide with a sialidase under 

conditions ap pr o pr iate to remove sialic add from the recombinant DNase 
peptide. 

In another embodiment, the method comprises: 

(c) contacting the product of step (a) with a sialyitransferase and a sialic acid donor 

under conditions appropriate to transfer sialic acid to the product 

In an additional embodiment, the method comprises: 

(d) prior to step (a), contacting die recombinant DNase peptide with a galactosyl 

transferase and a galactose donor under conditions appropriate to transfer the 
galactose to the recombinant DNase peptide. 

hi yet a further embodiment, the method comprises: 

(e) prior to step (a) contacting the recombinant DNase peptide with a c ombin ati o n of a 

glycosidase and a sialidase. 

In another embodiment, the method comprises: 

(f) contacting the product from step (a) with a moiety that reacts with the modifying 

group, thereby forming a conjugate between the intact glycosyl linking .group 
and the moiety. 
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The method also comprises: 

(g) prior to step (a), contacting the recombinant DNase peptide with N- 

acetylghicosamine transferase and a GlcNAc donor under conditions 
r appropriate to transfer GlcNAc to the recombinant DNase peptide. 

5 In addition, the method comprises: 

(h) prior to step (a), contacting the recombinant DNase peptide with an endoglycanase 

under conditions appropriate to cleave a glycosyl moiety from the recombinant 
DNase peptide. 

In preferred embodiments and referring to the DNase peptide formula 

10 presented above, a, b,c,d^ 

Jfem0andl;e > ^&handparel;andii,v,w,x,andyaie0. Alternatively, a, b,c,d, e,£ g, 
b, i, j,k,l>m.<b and u are members independently selected from 0 and 1; pis l;and 
n,v,w,x,andyareO. Alternatively, a, b, c, d, £h,j,k,l,m,s,ii, v, w,x,andyareO; ande, 
g, i, q,r, andt are members independently selected from 0 and 1; and p is 1. Alternatively, a, 

15 b,c,d,e > ^&h,j,k,l,iii,n,r,s,t,ii,v,w,x,andyareO;iisOOT 

Alternatively, a, b, c, d, e, £ g, h, j, k, 1 and m are 0; i, q, r,s,t,n,v,x and y are independently 
selected from 0 or 1; p is 1; and R is mannose or oligpmannose. 

Also provided is a recombinant DNase peptide conjugate formed by the above 
20 described method. 

The invention additionally includes a me&od of fonning a conjugate between 
manti^mnornecrosk 

modifying group is covalently attached to the anti-TNF alpha peptide throng an intact 
25 glycosyl linking group, the anli-TNF alpha peptide comprising a glycosyl residue having the 
formula: 
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10 



15 



20 



25 



r 



(Fuc)i 



r 



HcNAcKjlcNAc-Man 
I 

(R')n 



/([GlcNAc-(Gal)Je- (Sia)j- (R\ f) 
/^([GlcNAcKGal^-CSiaX- (R)^ 

\^^/([GlcNAo-(Gal)Jr ( sia )>- \ 
s {[GlcNAc-CGal)^- (SiaV <R)y)^ 



> 



wherein 



Vq 



a, b, c, d, i, n, o, p, q> t 9 s, t, u and z are members independently 

selected from 0 and 1; 
e, £ g, and h are members independently selected from the integers 

between 0 and 6; 

j , k, 1, and m are members independently selected from the integers 

between 0 and 20; 
n,v,w,xandyare0;and 

R is a modifying group, a mannose or an oEgomannose; 
R* is a glycoconjugate or a modifying gronp. The meihod comprises: 
(a) contacting the anti-TNF a^lmp^tide witha ^ycosyltransfiaase and a 
modified gjycosyl donor, comprising a gjycosyl moiety which is a 



group, under conditions a pprop riate fbr^fimnatianofthemtact 
glycosyi K nknig group. 

hi one embodiment, the method comprises : 
(b) prior to step (a), contacting the anti-TNF alpha peptide with a galactosyl 

transferase and a galactose donor wider conditions appropriate to transit to 
galactose to the anti-TNF alpha peptide. 
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15 



In another embodiment, the method comprises: 

(c) prior to step (a), contacting the anti-TNF alpha peptide with endoglycanase undo: 
conditions appropriate to cleave a glycosyl moiety from the anti-TNF alpha 
peptide. 

In one aspect, the modifying group is a member selected from a polymer, a 

toxin, a radioisotope, a ft erapeutic moiety and a glycoconjugflte. 

» 

In preferred embodiments and referring to the anti-IMF alpha peptide formula 
presented above, a, b, c, d, e, f, g, h, i,j, k, I ™» °» P» * r » * * and ume members 

dependently selected from 0 and 1 ; n is 1 ; and v, w, x, y, and z are 0. Alternatively, a, c, e, 
g and i are members independently selected fiomOandl;randtare l;b,d,f;b,j,k,l,m,n, 
s, n, v, w, x and y; and q and z are 1. 

Also included is an anti-TNF alpha peptide conjugate formed by the above 

described method 

The invention also pro vides a method of forming a coiijngatebrtweea an 
insuKnpeptide and a modify^ group * covalently attached to 

the giycopeptide throng 

gtycosyl residue having a formula whi diisamembersdectedfiom: 



r 



I 

-^SkNAcfGfcNAo-Man 
I 



^[GkNAKaW. -mi- (R) T ) r 

^lOkWAKOaWr -(Si*- (R),) 8 
\ jpft«AiKGaI)^-(Sia),-(R) Jt } t 

^[GkNAo^GalXi -(Sia^- (B^ ) 



Mm 



; and 



— 1 -GJNAi><QaD I1 -(Sia)s(R) < J ^ 
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wherein 

a, b, c, d, i, j , k, 1, m, r, s, t, n, z, aa, bb, cc, and ee are members 

independently selected fiom 0 and 1; 
e, £ g, and h axe members independently selected from the integer 

between 0 and 4; 
dd, n, v, w, x and y are 0; 

R is a modifying group, a mannose or an oligomarmose; and 
R» is a member selected from H, a glycosyl residue, a modifying group 
and a glycoconjugate. The method comprises: 
(a) contacting the glycopeptide with a glycosyltransferase and a modified 

glycosyl donor, comprising a glycosyl moiety which is a substrate for 
the glycosyltransferase covalenlly bound to the modifying group, 
under conditions appropriate for the formation of the intact glycosyl 
linking group. 

In one embodiment, the method comprises: 

(b) prior to step (a), contacting the gjycopeptide with a sialidase undo: conditions 

appropriate to remove sialic acid from the glycopeptide. 

In another embodiment, fee method comprises: 

(c) contacting the product of step (a) with a sialytaansferase and a sialic acid donor 

undo: conditions appropriate to transfer sialic acid to the product 

la yet another embodiment, the method comprises: 

(d) prior to step (a), contacting the gjycopeptide with N-acetjdgJucosamine transferase 

and a GlcN Ac donor urate conditions appropriate to transfer GlcNAc to the 
glycopeptide. 

In a further embodiment, the method comprises: 

(e) prior to step (a), contacting the glycopeptide wife endoglycanase unite conditions 

appropriate to cleave a glycosyl moiety fiom fee glycopeptide. 
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In one aspect, Hie modifying group is a member selected from a polymer, a 
toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

in preferred embodiments and referring to die insulin peptide formula 
presented above, a, b, c, d, e, f, g, h, i,j, k, 1, m, r, s, t, and u ate menfoers md^pendemly 
selected from Oandl;n,v,w,x,andyareO;andzisl. Alternatively, a,b,c,d,e,$g,h,j> 
k,Lm,n,s,t,u,v,w, x, and y are 0; i and r are members independently selected from 0 and 

i 

l;andzisl. Alternatively, a, b,c,d,e,f,g,h,i,j,k,l,m, n are 0; r, s, t, u, v, w, x, and y 
are members independently selected from 0 and 1; and z is 1. Alternatively, aa, bb, cc, and 
ee are members independently selected from 0 and 1; and ddis 0. Alternatively, aa and ee 
arc members independently selected from O and 1; and bb, cc, and dd are 0. Alternatively, aa, 

bb, cc, dd, and ee are 0. 

The invention former includes an insulin peptide conjugate formed by me 
above described method. 



15 



20 



In addition, there is provided in the invention a method of forming a conjugate 
between a hepatitis B surface antigen (HBsAg) peptide and a modifying group, wherein the 
modifying group is covalently attached to the HBsAg peptide through an intact glycosyl 
Knifing group, the HBsAg peptide comprising a gjyCOSyl resirinc having a formula which is a 
member selected from: 



r 



CM* . 



I 

00, 



f<S»X 
I 



\ 



^[GkNAiKGalU. - (Ha}- (R\ ] y 

^([GkNAiKCMU, -(Sia>-(R) I ) t 
^[GkNAKOanA _ (Siak- (R),)^^ 



;and 



bb 



— ^-GaINA 1 KGal),-<Sia) k ,- (R), 
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wherein 

aa!,bb, a, b, d, i, n, q, r, s, t, and u are members independ^ 

selected from 0 and 1; 
e, £ g, and h are members independently selected from the integers 
5 between 0 and 6; 

o, p, j, k, L, and m are members independently selected from the 

integers between 0 and 100; 
cc> v, w, x, and y are 0; 

RisanM)di^dnggioup,amamM)seQranoUgomanno^ and 
10 R* is H or a glycosyi residue, a glycoconjugate, or a modifying group. 

The method comprises : 
(a) contacting the HBsAg peptide with a glycosyitransferase and a modified 
glycosyi donor, comprising a glycosyi moiety which is a substrate for 
the glycosyitransferase covalently bound to the modifying group, 
15 under conditions appropriate for the formation of the intact glycosyi 

I mikm g group* 
In one embodiment, the method comprises: 

(b) prior to step (a), contacting the HBsAg peptide with a sialidase under conditions 
appropri ate to remove sialic acid from the HBsAg peptide. 

20 In another embodiment, the method comprises: 

(c) contacting the product of step (a) with a sialyitransferase and a sialic acid donor under 
conditions appropriate to transfer sialic acid to die product 

In yet another embodiment, the method comprises: 

(d) prior to step (a), contacting the HBsAg peptide with a galacto sidase under conditions 
25 appropriate to cleave a glycosyi residue from the HBsAg peptide. 

The method also comprises: 

(e) prior to step (a), contacting the HBsAg peptide with a galactosyl transferase and a 
galactose donor under conditions appropriate to transfer the galactose to the HBsAg peptide. 
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^addition, (he method comprises: 

(f) contacting me product of step (d) with ST3Gal3 and a sialic acid donor under conditions 
appropriate to transfer sialic acid to die product 

5 Also, the method comprises: 

(g) contacting the product from step (a) with a moiety that reacts with the modifying group, 
thereby forming a conjugate between the intact glycosyl linking group and the moiety. 

Also, the method comprises: 
10 (h) prior to step (a), contacting the HBsAg peptide with N-acetylghxcosamine transferase and 
a GlcNAc donor under conditions appropriate to transfer GlcNAc to the HBsAg peptide. 

In addition, the method comprises: 
® prior to step (a), contacting the HBsAg peptide withamannosidase under conditions 
15 appropriate to cleave maonose from me HBsAg peptide. 

Also, the method comprises: 
0) prior to step (a), contacting the HBsAg peptide with eadoglycanase under conditions 
sufficient to cleave a glycosyl group from the HBsAg peptide, 
20 hi one aspect, the modifying group is a member selected from a polymer, a 

twrin, a radioisotope, a therapeutic moiety, an adjuvant and a glycoconjugate. 

m preferred embodiments and referring to the HBsAg peptide formula 
presented above, a, b, c, d, i,j, k, X, m, o, p, q, x, s, t, u, and aa are membem mdepeimently 
selected fi^O and l;bb,e,f; & h,a^^ Alternatively, 
25 a,b,c,d,i,j,k,Un^°»P»* r »*^^ toTOme ^ 

and bb is 1. Alternatively, cc, a,b, c, d, e, f, g,h, i, j, k, l,m,n, o,p, v, w, x, y andz are 0; 
and q, r, s, t, u, v, w, x, y, and aa are members independently selected from 0 and 1 ; and bb is 
1 . Alternatively, a,b,c,d,i,j,k,l,m,o,q,r,s,t,ii,andaaare members independently 
30 selected from 0 and 1; bb, e, f, g, h, and n are 1; and n, p cc, v, w, x, y, andz are 0. 
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Altemativdy, bb, a, b, c, d, e, f, g, h, k, 1, m, o, p, q, r, s, t, u, v, w, x, y,and z are 
members independently selected from 0 and 1; cc is 1; and n is 0 or 1. Alternatively, a, b, c, 
d,ftlwj,l^tm»o^p^^ii,v,w t ^y,^andooawO;H)igl;^fti,n t 4r»^«ndaaa» 
members independently selected from 0 and 1. Alternatively, a, b, c, d, e, £ g, h, i, j, k, L, m, 
n, o, p, z, and cc are 0; q, r, s, t, u, v, w, x, y, and aa are members independently selected from 
Oand 1; andbb is 1. 

Also included is a HBsAg peptide conjugate formed by me above described 

method. 



The invention further provides a method of forming a conjugate between a 
human growth hormone (HGH) peptide and a modifying group, wherein me modifying group 
is covalently attached to the glycopeptide torough an intact gjycosyl linking group, the 
glycopeptide comprising a glycosyi residue having a formula which is a member selected 
IS from: 



r /{[<adNA<KGaOJ.-(Sia),-(R^^ 

— -GlcNAc -GlcNAc-Man ) ' 

\ Ma /{[GlcNA.c-(Gal)J g - (Sia),- (R)^ J t 

^ ([GlcNAiKGal)^. (SiaV (R\]^ 



; and 



^<kNAc<Gal) if (Sia) ec - (K) M J 



wherein 



a, b, c, d, i, j, k, 1, m, r, s, t, u, z, aa, bb, cc» and ee are members 
20 independently selected from 0 and 1; 

e> £ g, and h are members independently selected from the integers 
between 0 and 4; 
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n, v, w, x, y, anddd are 0; 

Riga modifying group, a mannose or an oKgomannose; and 
R'isa member selected from H, a glyco syl residue, a modifying group 
and a glycoconjugate. Hie method comprises: 
5 (a) contacting the glycopeptide with a glycosyltransferase and a modified 

glycosyi donor, comprising a glycosyi moiety which is a substrate for 
the glycosyltransferase covalently bound to the modifying group, 
under conditions appropriate for the formation of the intact glycosyi 
linking group* 

10 fa another embodiment, the method comprises: 

(b) prior to step (a), contacting fee glycopeptide with a sialidase under conditions 

ap pr opriate to remove sialic acid from the glycopeptide, 

Tn one embodiment, the method comprises: 

(c) prior to step (a), contacting die glycopeptide with endoglycanase under conditions 
15 appropriate to cleave a glycosyi moiety from the glycopeptide. 

• 

In another embodiment, the method comprises: 

(c) prior to step (a), contacting the glycopeptide with a galactosyl transferase and a 

galactose donor under conditions appropriate to transfer the galactose to the 
glycopeptide. 

20 hi yet another embodiment, the method comprises : 

(d) contacting the product of step (a) with a sialyltransferase and a sialic add donor 

under conditions a pp ropriate to transfer sialic acid to the product 

hi a further embodiment, the method comprises : 
(d) prior to step (a), contacting die glycopeptide with a galactosidase undo: conditions 
25 appropri ate to cleave a glycosyi residue from the glycopeptide. 

In preferred embodiments and referring to the HGH peptide formula 
presented above, a, b, c» d, e, £ g, h, i,j,k, 1, m,r, s, t, andu are membere 
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independeotty selected ftm^ 

a, b, c, d, e> f, & h, j , k, I m, n, s, 1; u, v, w, x, and y are 0;i and rare members 
independently selected fiomO and 1; and z is 1. Alternatively, a, b, <l e» S &h,i,j, 
k, 1, m, and n are 0; r, s, t, u, v, w, x and y are members independently selected from 0 
5 and 1; and z is 1. Alternatively, aa and ee are members independently selected from 0 

and 1 ; and bb, cc, and dd are 0. Alternatively, aa, bb, cc, dd, and ee are 0. 
Alternatively, aa, bb, cc> dd, ee, and n are 0. 

Also included is aHGH peptide conjugate formed by the above 

10 described method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, there are depicted in the drawings certain 
embodiments of the invention. However, the invention is not limited to the precise 
IS an an gem entB and fagtmmmtalitieg of the embodiments depicted in the drawings. 

Figure 1, comprising Figure lAtoFigure 1Z and Figure 1AA to Figure ICC, is aKst 
of peptides useful in the methods of the invention. 

Figure 2 is a scheme depicting a trimannosyi core glycan (left side) and the enzymatic 
process for the generation of a glycan having a bisecting GlcNAc (right side). 
20 Figure 3 is a scheme depicting an elemental trimarmosyl core structure and complex 

chains in various degrees of completion. Hie in vitro enzymatic generation of an elemental 
trimannosyi core structure from a complex carbohydrate glycan structure which does not 
contain a bisecting GlcNAc residue is shown as is the generation of a glycan structure 
therefiamwMchcxmta^ Symbols: squares: GlcNAc; ligjrt circles: 

25 Man; dark circles: Gal; triangles: NeuAc 

Figure 4 is a scheme for the enzymatic generation of a sialylated glycan structure 
(right side) beginning with a glycan having a trimannosyi core and a bisecting GlcNAc (left 
side). 
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FigiroSisasche^ 
and flie enzymatic pro^ 
structure. 

Figure 6 is a diagram of a &cose and xylose containing N-linked glycan stnicte© 
5 typify produced in plant cells. 

Figure 7 is a diagram of a fucose containing N-liriked glycan structure typically 
nrooJuceoi nn insect cells. 

Figuire 8 is a scheme depicting a variety of pathways for the trimming of a high 
Emmmose stactae and line synthesis of complex sugar drains the^&om. Symbols: squares: 
10 GlcNAc; ckctes: Man; diammds: focose; peaitegpn: xylose. 

Figure 9 is a scheme depicting m v&ro strategies for the synthesis of complex 
steuctaes from Bask squares: GlcNAc; 

Hgjhti circles: Man; daak circles: Gal; dark triangles: NeuAc; GnT: N-acetyl 
glucosaminytoransferase; GalT: galactosyitnmsferase; ST: sial^transferase. 
15 pig^ 10 k a scheme depict^ 

ftom an elemental trimamiosyl core structure. Symbols: Dank squares: GlcNAc; li^bot circles: 
Man; darifc circles: Gal; dark triangles: NeuAc; dark diamonds: ffucose; FT and FucT: 
^a^oosyiSxmsSsa^ii GalT: gakdto^Mmnsfia^^ ST: sialyitransferase; Le: Lewis antigen; 
SLk sialyistei ILems antigsnu 
20 Mgure 1 1 is an excanpltary scheme for preparing O-ffinted glycopqptides originating 

with serin® or threonine. 

Figaro 12 is a series of diagrams depicting thefomtyp^ of O^glycm stoKtoe, 
.tesned cores 1 fc©B^hi4. The ©ore sftmdtae is oBtifeed in do tod fines. 

Figmur© 13; oosEpismg Figros DA and Figosre BB S is a series of schemes showing an 
25 exeaHplary eanbodin^ of the kvration in which carbohydrate residues comprising complex 
caxhohydrsjte stmctares and/or high masmose high mannos© staractares are teimmed back to 
the fast generation bianteanary sfrnactons. A modified sugar bearing a water soluble polymer 
(WSP) is then conjugated to om or more of the sugar residues exposed by the trimming back 
process. 

30 Figure 14 is a scheme similar to that -shown in Figure 2, in which ahigfr masmose 

structure is "trimmed bads" to the manno se ftom which the biantennary structure brandies 
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sand a modified sugar b earing a water soluble polymer is feea ooxg ugated to on© or more of 

flj© suggr residues exposed by «h© trimming batfe process. 

Figaro 1 5 is a scheme similar to Oat shown in Figure 2, in which higfr mannM>se is 

trimmedback to the GlcNAc to which the first masmose is attached, and a modified sugar 
5 bearing a water soluble polymer is then conjugated to one or more of the sugar residues 

exposed by the trimming back process. 

Figure 1 6 is a sdieane similar to tot shown in Figure 2, in which high msamose is 

ttrimmed back to the first GlcNAc attached to She Abe of the peptide, following which a water 

soluble polymer is conjugated to one or more sugar residues which have subsequently added 
10 on. 

Figure 17, comprising Figure 17A and 17B, is a scheme in which a N-linked 
caxbohydrate is trimmed back and subseqiMiitly dedvatized with a modified sugar moiety 
(GlcNAc) bearing a water-soluble polymer. 

Fi g"? i a, ormipriia^g Figure 18A and 18B r is a scheme in which aN-Hriked 
1 5 carbohydrate is trimmed back and subsequently derivatized with a sialic acid moiety bearing 
a water-soluble polymer. 

Figure 1 9 is a scfane in wMch a N-lMsed caxbohytate is trimmed back and 
Bll ibsequeffifly derivatized with one or more sialic add moiedes, aad temsinated wstfli a sialic 
add disrivatizod wMu a water-®oMble polymer. 
20 Figure 20 is asdtane k which an O-huked sacdnasM© is *%imm©dba^ and 

subsequently oomgugated to a modified sugar bearing a water soluble polymer. to the 
exeajDplary sdtame» the carbohydrate moadiy is < %smmed bacfe" to I3he first gyration of fin© 
biaateMiry stomctere. 

Figure 2 1 is an wm^Msy sdterne for triirmnrng back (She caabohydrate moiety of an < 

25 Q-Min^ 

hawing a water-stable polymer attached thereto. 

Figure 22, comprising Figure 22A to Figure 22Q is a series of ©seanptay schemes. 

Figure 22A is a scheme that illustrates addition of a PBGylsted sugsr, folowed by the 

addition of a non-modified suggr. Figiro22Bisaschem^ 
30 ihat one kind ofmodified sugar onto on oneglycan. Figrare 22C is a scheme tot illustrates 

ihe addition of differed modified sugars onto O-linked^glycans and N-finbsd $ycans. 
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Figure 23 is a diagram 
peptide by giycam rancdeMng, imclnding 

Figure 24 is a set of schemes for 
Gaucher^ Disease. 

Figure 25 is a scheme for 



imopny 



glycan remodeling to generate glycans having a terminal 



Figure 26 is a diagram ilkstrating the array of glycan structures found an CHQ- 
pEoducedghicocerebrosi^ 

Figure 27, comprising Figures 27 A to 27G, provides exemplary schemes for 
remodeling glycan stouctares on granulocyte colony stinralating factor (G-CSF). Figure 27 A 
is a diagram depicting foe G-CSF peptide indicating foe amino acid residue to winch a glycan 
binds, and an exemplary glycan formula bound thereto. Figure 27B to 27G are diagrams of 
contemplated iremodeling steps of toftcmrftoi^inVigmWAlmBrtailtolyp 
of eel foe peptide is expressed in and the desired remodeled glycan stractore 

Figure 28, comprising Figures 28A to 28AAsets forfo exemplary schemes for 
^nodelinggly^ Figure28A is a diagram depicting foe 

inteiferon-alpha isofonm 14c peptide Micatimg foe amino acid residue to which a giycam 
i^mdmm^l^^ycmMm^homid^r^. Figure28B to 28D are diagrams of 

oosj^tetedremodelm^ 

ofcsl foe peptide is eiqpressedfo Figme28Eis 
a diagram depicting foe interfeom-alpha isoiram 14c peptide mdfcating foe amino scad 
residue to ^chaglyc^^ Figurs28F 
to 28N ase diagrams of contemplated nsmedelmg steps of foe glycan of foe peptide in Figure 
28B based on foe type ofcefflfos peptide is espr^ 
structure. Mgure2SO is a diagram depicting foe i^^ 



bound foareto. Figure 28P to 28W are diagrams of contemn! 
glycan of foe peptide in Figure 28© based on foe type of eel foe peptide is expressed in and 
flredesiredremcdeled glycan structure. Figure 28X is a diagram depicting foe inteafeon- 
alpharfmucin fusion peptides imfocating foe residne(s) ^michbinds to glycans contemplated 
f OT remodeling,andexemplaryglycanfom Figure 28Y to 28AA are 



-83- 



WO 03/03146* PCT/US02/32253 



diagrams of contemplated remodeling steps of the glycan of foe peptides in Figure 28X based 
on tie type of eel foe peptide is expressed in and foe desired remodeM glycan stra^ 
Figure 28BB is a diagram depicting the interferen-alpharmncm fusion peptides and 
kterferon-alpha peptides indicating the residues) which bind to glycans contemplated for 
5 remodeling, and formulas for foe glycans. Figure 28CC to 28EE are diagrams of 

contemplated remodeling steps of me glycan of foe peptides in Figure 28BB based on foe 
Hype of cell foe peptide is expressed in and foe desired mnoMedglyc^ structure. 

Figure 29, coniprising Figures 29 A to 29S, sets forth exemplary schemes for 
remodeling glycmsteurtur^ Figure 29A is a diagram depicting foe 

- 10 interferen-beta peptide inm'catang foe amino add residue to ^ 

exemplary glycan fbnnonteboimdfoereto. Figure 29B to 290 are diagrams of contemplated 
remodeling steps of foe glycan of foe peptide in Figure 29 A based on foe type of cell foe 
• peptide is expressed m and foe desired ren^ 
depicting the interferon-beta peptide indicating the amino acid residue to which a glycm 
15 binds, and an exemptey glycan jtoula bound foereto. Figure 29Q to 

contemplated remodeling steps of foe glycan of foe peptide in Figure 29P based on foe type 
ofceffl foe peptide is expressed™ and 1^ 

Pignut© so, cOTnprising Figures 30A to 30B, sets forth exemplary schemes for 
rearajdefoigglycmsi^^ Figaro 30A is a diagram 

20 depicting foe Factar-VI and Factor-Vila peptides A (soM^ 
foe residues which bind to glycans contemplated iwrem^ 

glycans. Figure 30B to 30D are diagrams of contemplated remodeling steps of foe glycan of 
' tepeptidemFigBiEemiba^ 
remodeled glycan sfcrmctare. 
25 Kg^3l,ooanpriaingFigifflra 

remodeling glrycanstrartu^ Figure 31A is a diagram depicting foe Factor-IX 

peptide indicating residues which bind to glycan 

of foe glycans. Figure 3 IB to 31G are diagrams of contemplated remodeling steps of foe 
glycan of foe peptide in Figure 31A based on foe type of cell foe peptide is expressed in and 
30 foe desired remodeled glycan structure. 
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Figaro 32, comiprisii^ 

remodeling giycan steuctaes on follicle stimulating hornMme (FSB), comprising © and P 

scsbraiiis. Figure 32A is a diagram deleting fee Follicle Stiim^l^gHomonep^Mdes 

FSHa and FSHp indicting the residues which bind to g^ycans contemplated for remodeling, 
5 andexe^lary^ycanfomi^ Figure 32B to 32J are diagrams of 

contemplated remodeling steps of the giycan of the peptides in Figure 32A based on fee type 

ofcetttibepq^desareespiesse^ 

Figaro 33, comprising Figures 33A to 33 J, sets forth exemplary schemes for 

m^^ftltnig glyam stmcfaros on IBr3rihropoietin (fBPO). Figiro33A is a diagram depicting 
10 fee EPO peptide indicating fee residues ^iidk bind to gJycams contemplated for rar&odeling, 

and fommlas for fee glyc&ns. Figuro 33B to 33 J are diagrams of contemplated tfemodeMng 

steps of fee glyean of fee peptide in Figure 33 A based on fee type of cell fee peptide is 

expressed in and fee desired nenniodeled gjyesm stractans. 

Figaro 34, comprising Figoros34A to 34K sets forth exemplary kernes for 
15 remodeling giycan s&rucfcures on Gmnilocyto-Macropliage Colony Stimulating Factor (GM- 

CSF). FigiroMAisadiagrandep^ 

liMtogjlycanscontenipla^ fosmnlasforfeegjjreans. Figure34Bto 

34G are diagrams of oositempMed ranodding steps of fee giycan of fee peptide in Figiiro 
34Abs©^cmfeetyp©ofcdlte 
20 straritae. Figaro 34H is a Agtram depicting fee GM-CSF peptide indicating fee inssidkaes 

wMdibindtoglycam Figaro 341 

to 34K aze diagrams of contemplated remodeling steps of fee glycan of fee peptide in Figaro 
34H b&sed on fee type of cdl fee peptide is expressed in sod fee desired ranodeled giycan. 
stactoe. 

25 Figaro 35, composing Mgu^ 35A to 35N, sets forth eae^lary sditemes for 

remodeling gjyoaa stracforos on inteferon-gifmmTia. Figuro 35A is a diagram depicting an 
■ . inteirfexm-gamma peptide indicating fee residues which bind to gfyesns contemplatel for 
imodd!ing,andex^tey^lyc^ Figure 35B to 35G are diagrams 

of contemplated remodeling steps of fee peptide in Figaro 35A based on fee type of cell the 

30 peptide is espressedin and fee desired r^odeled glycan strnctace. Figure 35H is a diagram 
depicting an inteieron-ganssinia peptide indicating fee residues which bind to glycans 
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contemplated for ii^e^^ FigonreSSIto 
35N are diagrams of contemplated ^modeling steps of «he peptide in Figure 35H based on 
the type of cell Hhe peptide is expressed k flue desired remodeled glycan stactare. 
Figure 36, comprising Figures 36A to 360, sets forth exemplary schemes for 
S remodeling glycan structures on ©i-anlitrypsin (ATT, or carl protease inhibitor). Figure 36A 
is a diagram depicting an AAT peptide indicating the residues which bind to glycans 
conte^lated for remodeling,^ Figure 36B to 

36G aae diagrams of conle^late 

36A based on the type of cell the peptide is expressed in and fine desired rranodeled glycan 
10 stactee. Figure 36H is a diagram dep^ 

bind to glycans conciliated for remodeling, and exemplary glycasn formulas bound ttosto. 

Figure 361 to 36K are diagrams of contemplated mnodeling steps of flue pqptide in Figure 

3 6H based on tin© type of cell the peptide is espressed in and the desired mnodded gtycssi 

structare. Hgur©36Lisadiagii^depic^ 
15 bind to gUycaas contemplated for jreanodeling, and exemplary glycan formulas bonnd thereto. 

Figsare 3 6M to 3 60 axe diagrams of contenqplated rsnodeling steps of the peptide in Figure 

36L based on the type of cell the peptide is expressed in and the desired remodeled glycan 

stactae. 

HgpTO 37, comprising Figures 37A to 37K sells forth esanplary ©Aemes for 
20 K^odd^ Hgisro 37A is a (ffiagrsm depc&ag fine 

^m^osrdbKOsidase peptide indicating (Sue residues rMA bind to giycans omitemphtod& for 
jCTMwMing, sand @&<smplary glycan formulas bo«d tensto« Figur©37B to37Gas©diagirams 
of ©D^templatedi^^ of the glycan of the jj^tid© in Figure 37A based on flu© 

typ©of©sfflfepep^^ Figuir© 
25 37H is a diagram depicting fine jgjuoocoratenosidase peptide kdicafting (fine residues which bind 
to glycssms oas^mplBtad for ranodeing^ aasd eKesBplary glycan formulas borad Aerate. 
Figure 371 to 37EL are diagrams of contemplated remodeling steps of the glycan of the peptide 
in Figure 3 7H based on the type of cell the peptide is espressed in and the desired remodeled 
glycan stocture. 

30 Figure 3$ 9 comprising Figures 38A to 38W, sells forth exemplary schemes for 

remodeling glycan structures on Tisse^Type Plasminogen Activator (TPA). Figure 38A is a 
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contemplated ife remodeling, an^^ Figure 38B to 38G are diagrams 

• of contemplated remodeling steps of ^p^(te in Figore38A based omiie type of cell tie 
peptide is expressed in and &edesli^mnoMedglycanstrartci». Figure 38H is a diagram 

5 depicting foe TP A peptide indicating the residues which bind to glycans contemplated for 
remodeling, and formifoa for foe glycans. Figure 381 to 38K are diagrams of contemplated 
remodeling steps of the peptide in Figure 38H based on toe type of cell the peptide is 
expressed in and me desired remodeled glycmstmcture. Figure 38L is a diagram depicting & 
mutant TPA peptide indicating me residues which bind to glycans contemplated for 

10 reamodeiin&andfoefora^forfo 

contemplated remodeling steps of me peptide m Figure 38L based on to of c^ me 
peptide is expressedin and fine desired remoMed glycmstmcture. Figure 38P is a diagram 
depicting a mutant IP A peptide 

for remodeling, and formulas for foe glycans. Figure 38Q to 38S are diagrams of 
15 contemplated remodeling steps of foe peptide m Mgore38P based on foe ^pe of cell me 
peptide is expressed in and foe desn^remcdeledglycmstnurtBre. Figure 38T is a diagram 
depicting a mutant TPA peptide indicating foe residues which binds to glycans contemplated 
jfe remodeling,, and formulas for foe glycans. Figure 38U to 38W are diagrams of 
ojratenplated remodeling s^offoe peptide k Figure 38T based on fo^ 
20 peptide is expressed in and fee desired remoMed ^ycam structure. 

Figure 39, comprising Figures 39A to 398, sets forfo exemplary schemes for 
remodeling glycan structures on Wedeukm-2 (EL-2). Figure 39A is a diagram depicting foe 
5nteieaMn-2 peptide indicating fee ami^ 

exemplary glycan ffira^ Figure 39B to 39G are diagrams of contemplated 

25 remodeling steps of foe glycan of foe peptide m Figure 39A based on fete type of cei foe 

peptide is expressed in and foe desired remodeled glyc&n structure. 

Figure 40, comprisimg Figures 40A to 40N, sets forth exemplary schemes for 

remodeling glycan structures on Factor VIE. Figure 40A are foe formulas for foe glycans 

foat bind to foe N-liriked glycosylation sites (A and A") and to foe O-linked sites {B) of foe 
30 Factor VM peptides. Figure 40B to 4QF are diagrams of contemplated remodelmg steps of 

foe peptides in Figure 40A based on foe type of cell foe peptide is expressed in and foe 
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desired remoMedgiycaasj^^ Figaro 40G ^lSh© 

fee N-SiD&ed glycosyfatiom sites (A and A 9 ) and to flue O-lnteJ site (B) of the Factor ¥M 
peptide. Figure 40H to 40M are diagrams of c^^ 

in Figure 40G based on tine type of cell tiie peptide is expressed in and the desired remodeled 

5 glycan structures. 

Figure 41, comprising Figures 41 A to 41&S, sete forth exemplary schemes finr 
remodeling glycan straritaes on urokinase. Figure 4 1 A is a diagram depicting the uroldnase 
peptide indicating a residue ^ch binds to a gjycan contemplated for ranodeling, and an 
^wplmy giycam formula bound teeto. Figure 41B to 41G air© diagrams of contemplated 

1 0 remodeling steps of flue peptide in Figure 41 A based on tiae type of cell tin© peptide is 

gjrpins^eiil JmsismS t&© desired remodeled glycsa stoctee. Figure 4 1H is a diagram dqpicting 
the TOoMnsss© peptide indicating a residue ^ch binds to a glycan contemplated for 
remodeling, and m exeanptay glycan fomiafeboTOid tiraeto. Figme 411 to 41M w 
diagrams of contemplated remodeling steps of tine peptide in Figure 41H based on tine type of 

15 cell tine peptide is expressed in and desired remodeled 

Figure 42, comprising Figures 42A to 42K, sets feaib^xoaaplary schemes for 
reamodding gflysan structures can hamm DNase QaDMase). Figure 42A is a diagram dqpicting 
tiiietomiiMiDNasep^tide indicating tine residues wMchbind to g&ycans coHitea^Msd foir 
renacddrnffifc ™d gre^fagy glysm iSmmgtes bound thereto. Figure 42B to 42G sire diagminis 

20 of oassSm^MoS. ranodelng sfcqps of tine peptide in Figure 42A based on the type of eel fiJhe 
peptide is expressed in and fiiie desked remodeled glycam staritae. Fig5Er©42H is a diagram 
ducting ti&e taman DNase peptide indicating rate which Maid to gjysans contemplated 
feBsastod^^ Figure 421 to 42ELgsr© 

daagmro ©f confanplflted remodeling steps of the peptide in Figure 42H based <m the tyjpe of 

25 fee peptide is exp^ 

Figure 43, comfdsmgFigura 43A to 431* seas forth exemplary schemes for 
remodeling glyesn stactoes on insula. Figure 43 A is a diagram depicting tine insulin 
peptide mnitated to contain an W gjycosyiafion site and an exemplary glycan iSjmBtolK^iimd 
flhereto. Figure 43B to 43D are diagrams of contemplated remodeling steps of tine peptide in 

30 Figure INS Abased on the type of cell the peptide is expressed in and Oe desired remodeled 
glycan structure. Figure 43E is a diagram depicting insulishm^ 
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a ieadlue(s) which binds to a glycan contemplated fiMrrmoddm&aadaaesea^lasyglycaa 

fon^boundfoeieto. Figure 43F to 43 

foepepfokmFigure43Ebasedonfoet^ 

remodeled glycan structae. Figure 431 is a diagram depicting fee insulk-mucin fosion 
5 peptides and insulin peptides indicating a residue(s) which hinds to a glycaa contemplated for 

remodeling, and formulas for the glycaa. Figure 43J to 43L are diagrams of contemplated 

remodeling steps of the peptide in Figure 431 based on the type of cell the peptide is 

expressed in and die desired remodeled glycan structure. 

FigKio 44, comprising Figures 44A to 44K, sets forth exemplary schemes for 
10 remodeling glycan structures an foe M-aniiga 

(HbsAg). Hguire44A is a diagram depicting foe M-antigenp^tide indicating foe i^du^ 

wMchbind to glycans contemplated for remodeling 

44B to 44G are diagrams of contemplated remodeling steps of foe peptide in Figure 44A 
based on foe type of cell foe peptide is expressed in and the desired remodeled glycan 
15 structure. Figure 44H is a diagram depicting foe M-antigen peptide indicating foe residues 
which bind to glycans contemplated to Figure 441 

to 44K are diagrams of contemplated remodeling steps of foe peptide in Figure 44H based on 
foe type of ceH foe peptide is espressed m aM 

Figure 45, conipasmg Figures 45 A to 45K, sets forth exemplary schemes for 
20 iemodelingglycmstBnrthi^ 

foereof. Figure 45A is a diagram depicting foe human po^homrapcptidomdioalmga 
residue which binds to a glycan contemplated for remodeling, and en exemplary glycan 
tafflkbowflfofireto. Figure45B to 45D are diagrams of oomt^latedr^odeliiiig steps of 
foe glycam of foe peptide in Figure 45A based on foe type of cell foepsptide is expressed in 
25 and foe desired lemodeled glycan *n«*^ VigmmiB*tiatpm4qpdteto**** 
fosion peptides composing foe human growfo hormone peptide and part or all of a mucin 
peptide, and indicating a residue(s) which binds to a glycan contemplated for remodeling, and 
exemplary glycan formula® bound thereto. Figure 45F to 45K are diagrams of 
contemplated remodeling steps of foe glycan of foe peptides in Figure 45E based on foe type 
30 of cell foe peptide is expressed in 



-S9- 



WO PCT/HJS02/32263 



Figcixe 46, comprising Figiines 46A to 46G, sds forth exemplary schemes for 
remodeling glycan structures on a TNF R©t^tor4gG Fc region fission protein (EnbreF* 1 ). 
Figure 46A is a diagram depicting a TNF Receptor--IgG Fc region fission p eptide which may 
be mutated Ho contain additional N-glycosylation sites indicating the residues which bind to 
5 glycans contemplated for r^odeling, and fomulas for the glycaas. The TNF receptor 
peptide is depicted m bold lm^ Figure 
46B to 46G are diagrams of contemplated remodeling steps of the peptide in Figure 46A 
based on Sue type of cell the peptide is expressed in and the desired remodeled glycan 
stractae. 

1 0 Figure 47 provides exempikry schemes for mnodeling glycan stmctass on an anti- 

HER2 monoclonal antibody (Heroqj^ 115 ^ Figure 47 A is a diagram dq>icting an aafi-HHR2 
monoclonal antibody which has bean mratatod to contain an N-gEycosyiation sito(s) indicating 
a reridBe(s) on the antil^^ 

remodeling, and an exemplary glycan formula boimd thereto. Figure 47B to 47D are 
15 diagrams off contemplated remodeling steps of the glycan of the peptides in Figure 47A based 
on the type of cell fine peptide is expressed in and the desired remodel ed glycan structure. 

Figu^48,cxm^pds5ngFigDiices48Ato48D 9 sets forth exemplary schemes for 
remodeling glycan stradures on a monoclonal antibody to Pretein F of Respiratory Syncytial 
Vkm^ym&d^. Figpsns 48A is a diagram ducting a monoclonal antibody to IFtotek F 
20 peptide which is mutated to comtein an N-glycosySaSion uto(s) indicating a residlue(s) which 
binds to a glycan contemplatoi ife remodeling, and an exesmgplary glycan fomula bound 
thereto. Figaro 48B to 48D snr© diagrams off contemplated mnodeling stops off the peptide in 
Figuro 48A based on the typ© of ©ell the peptide is expngssed in smd tSne desired ramodded 

25 Figure 49, comprising Figaros 49A to 490, sells forth exemplary schemes for 

mnodeling glycan stoctotss on a monodonal antibody to TNF-® (Remicade™). Figure 49A 
is a diagram depicting a monoclonal antibody to TOF-a which has beenimiatated to contain an 
N-glycosyMon site(s) indicating a residue which binds to a glycan contemplated for 
mnodeling, and an exemplary glycan fomrakboimd thereto. Figure 49B to 49B are 

3 0 diagrams of contemplated remodeling steps of the peptide in Figure 49 A based on the type of 
cell She peptide is expressed in and the desired remodeled glycan structure. 
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Figure 50, oon^risjffl^ sefts&r&OTeni^^ 
remodeling glycan stactaes on a monoclonal antibody to glyroprotek nb/Hfe (Ksnpro^ 
Figure 50A is a diagram depicting a mutant monoclonal amSbody to glycoprotein 
peptides which have been mutated to contain snN-glycosyisdoB site(s) mdicating the 
5 residues) wMchbind to glycans contemplated for remodeling and exemplary gjycan 

formulas bound hereto. Figure SOB to SOD are diagrams of contemplated remodeling stqps 
based on flie Hype of cell the p qptid© is expressed in and the desired ranodeled glycan 
structure. Figure SOB is a diagram depictia^ 

mucin fusion peptides indicating the residues wMch bind to gjycans contemplated for 
10 remodeling^ and ggm^larv dvcan fomulas bound ferefo. Figure 50F to 50H are diagrams 
of contemplated remodeling steps based on 

desk^ranodeM Figure 501 is a diagram depict mon^lon^ 

to glycoprotein Db/ffla- mucin ffimon petite and monoclonal antibody to glycoprotein 

nb/IHa peptides indicating the residues which bind to glycans contemplated for remodeling, 

15 ^ exemplary glycan formulas bound Itaeto. Figure 5QJ to SOL are diagrams of 
conteniplatedra^ 
desired remodeled glycaa sforucture. 

Figmse 51, comprising Figuires 51A to 51B, sets &A <^<wplMy schemes for 
remodteSi^ Figure SlAns 

20 md%t« 

glycosylate satefs) indicating 13b© residue iMdk binds to glycans ©Mtempllated for 
Ka^lmg^ HgrcSmtoSmasediagjrmBS 

ofoont^ 

ij^eff©^ fife peptic F5ganr© 
25 5lEisadnag«d^iA 

n N-$y©osyMon rita(s) indicating *h© residues) wMdi binds to $ywm contemplated for 
remodeling, sed <SKWsphry glyssa formulas bound teste. FigureSIF to 51G ante diagrams 
of contex^lated remodeling steps of fee glycan of tSie peptides iu Figure 51B based on tine 
tj^ofcdll the peptide is e^ 
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Figure 52, comprising Figures 5 1 A and SIB, is an exemplary nucleotide and 
coircsDOiidinft a mmo add sequence of granulocyte colony stimulating factor (G-CSF) (SEQ 
ID NOS:l and 2, respectively). 

Figure 53, comprising Figures 53A and 53B, is an exemplary nucleotide and 
5 corresponding amino acid sequence of interferon alpha (IFN-alpha) (SEQ ID NOS :3 and 4, 
respectively). 

Figure 54, comprising Figures 54A and 54B, is an exemplary nucleotide and 
corresponding amino arid sequence of interferon beta (IFN-beta) (SBQ ID NOS :5 and 6, 
respectively). 

10 Figure 55, comprising Figures 55A and 55B, is an exemplary nucleotide and 

corresponding amino arid sequence of Factor Vila (SEQ ID NOS:7and 8, respectively). 

Figure 56, comprising Figures 56A and 56B, is an exemplary nucleotide and 
corresponding amino arid sequence of Factor DC (SEQ ID NOS:9 and 10, respectively). 
Figure 57, comprising Figures 57 A through 57D, is an exemplary nucleotide and 
15 corresponding amino arid sequence of the alpha and beta diains of follicle stimulating 
hormone (FSH), respectively (SEQ ID NOS:l 1 through 14, respectively). 

Figure 58, comprising Figures 58A and 58B, is an exemplary nucleotide and 
corresponding amino arid sequence of erythropoietin (EPO) (SEQ ID NOS:15 and 16, 
respectively). 

20 Figure 59, comprising Figures 59A and 59B, is an exemplary nucleotide and 

corresponding amino arid sequence of granulocyte-macrophage colony s timula t ing factor 
(GM-CSF) (SEQ ID NOS:17 and 18, respectively). 

Figure 60, comprising Figures 60A and 60B, is an exemplary nucleotide and 
conyqu-m^e amino arid sequence of interferon gamma (IFN-gamma) (SEQ ID NOS:19 and 

25 20, respectively). 

Figure 61, comprising Figures 61 A and 61B, is an exemplary nucleotide and 
corresponding ammo arid sequence of a-l-protease inhibitor (A-l-PI, or ^antitrypsin) (SEQ 
ID NOS:21 and 22, respectively). 

Figure 62, comprising Figures 62A-1 to 62A-2, and 62B, is an exemplary nucleotide 
30 and corresponding amino arid sequence of glucocerebrosidase (SEQIDN0S:23 and 24, 
respectively). 
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Figure 63, comprising Figures 63A and 63B, is an exemplary nucleotide and 
corresponding amino acid sequence of tissue-type plasminogen activator (TPA) (SEQ ID 
NOS.25 and 26, respectively). 

Figure 64, comprising Figures 64A and 64B, is an exemplary nucleotide and 
5 corresponding amino acid sequence of m terleukm-2(lL-2)(SEQIDNOS^7and28, 
respectively). 

Figure 65, comprising Figures 65A-1 through 65A-4 and Figure 65B-1 through 65B- 
4, is an exemplary nucleotide and corresponding amino acid sequence of Factor vm (SEQ 
ID NOS:29 and 30, respectively). 
10 Figure 66, comprising Figures 66A and 66B, is an exemplary nucleotide and 

corresp onding amino add sequence of urokinase (SEQ ID NOS 33 and 34, respectively). 

Figure 67, comprising Figures 67A and 67B, is an exemplary nucleotide and 
corresponding amino arid sequence of human recombinant DNase (hrDNase) (SEQ ID 
NOS39 and 40, respectively). 
15 Figure 68, comprising Figures 68 A and 68B, is an exemplary nucleotide and 

corresponding amino arid sequence of a humanized monoclonal antibody to glycoprotein 
nb/ma (SEQ ID NOS:43 and 44, respectively). 

Figpie 69, comprising Figures 69A and 69B, is an exemplary nucleotide and 
corresponding amino arid sequence of S-protein from a Hepatitis B virus (HbsAg) (SEQ ID 
20 NOS:45 and 46, respectively). 

Figure 70, comprising Figures 70A and 70B, is an exemplary nucleotide and 
corresponding amino arid sequence of human growth hormone (HGH) (SEQ ID NOS :47 and 
48, respectively). 

Figure 71, comprising Figures 71A and 71B, is an exemplary nucleotide and 
25 corresponding amino arid sequence of the 75 kDa tumor necrosis factor receptor (TNF-R), 
which comprises a portion ofEnbreP* 1 (tumor necrosis fector receptor (TNF-R)/IgG fusion) 
(SEQ IDNOS:31 and 32, respectively). 

Figure 72, comprising Figures 72A and 72B, is an exemplary amino acid sequence of 
the ligrt and heavy chains, respectively, of Herceptin™ (monoclonal antibody (MAb) to Her- 
30 2, human epidermal growth fector receptor) (SEQ ID NOS35 and 36, respectively). 
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Figure 73, comprising Figures 73A and73B, is an exemplary amino arid sequence the 
heavy and light chains, respectively, of Synagis™ (MAb to F peptide ofRespiratary 
Syncytial Virus) (SBQ ID NOS:37 and 38, respectively). 

Figure 74, comprising Figures 74A and 74B, is an exemplary nucleotide and 
corresponding amino acid sequence of the non-human variable regions of Remicade™ (MAb 
to TNFa) (SEQ ID NOS:41 and 42, respectively). 

Figure 75, comprising Figures 75A and 75B, is an exemplary nucleotide and 
corresDondinc mnino 

arid sequence of die Fc portion of human IgG (SEQ ID NOS :49 and 50, 

respectively). 

Figure 76 is an exemplary amino arid sequence of the mature variable region light 
chain of an anti-glycoprotein Kb/QIa murine antibody (SEQ ID NO:52). 

Figure 77 is an exemplary amino arid sequence of the mature variable region heavy 
chain of an anti-glycoprotein Hh/IQa murine antibody (SEQ ID NO:54). 

Figure 78 is an exemplary amino arid sequence of variable region light chain of a 
human IgG (SEQ ID NO:51). 

Figure 79 is an exemplary amino arid sequence of variable region heavy chain of a 
human IgG (SEQ ID NO:53). 

Figure 80 is an exemplary amino arid sequence of a light chain of a human IgG (SEQ 
IDN055). 

Figure 81 is an exemplary amino arid sequence of a heavy chain of a human IgG 
(SEQIDNOS:56). 

Figure 82, comprising Figures 82A and 82B, is an exemplary nucleotide and 
corresponding amino arid sequence of die mature variable region of die light chain of an anti- 
CD20 murine antibody (SEQ ID NOS:59 and 60, respectively). 

Figure 83, comprising Figures 83A and 83B, is an exemplary nucleotide and 
corresponding amino arid sequence of die mature variable region of the heavy chain of an 
anti-CD20 murine antibody (SEQ ID NOS:61 and 62, respectively). 

Figure 84, comprising Figures 84 A through 84E, is the nucleotide sequence of die 
tandem chimeric antibody expression vector TCAE 8 (SEQ ID NOS:57). 
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Figure 85, comprising Figures 85A through 85E, is the nucleotide sequence of the 
tandem chimeric antibody expression vector TCAE 8 containing the hght and heavy variable 
domains of the anti-CD20 murine antibody (SEQ ID NOS:58). 

Figure 86 is an image of an acryiamide gel depicting the results of FACE analysis of 
5 the pre- and post-sialylation of TP10. The BiNAo species has no siahc acid residues. The 
BhNAi species has one sialic acid residue. The B1NA2 species has two sialic acid residues. Bi 
= biantennary; NA = neuraminic acid. 

Figure 87 is a graph depicting the plasma concentration in ug/ml over time of pre- and 
post-sialylation TP10 injected into rats. 
10 Figure 88 is a graph depicting the area under the plasma concentration-time curve 

(AUQ in ug/hr/ml for pre- and post siahdatedTPlO. 

Figure 89 is an image of an acryiamide gel depicting the results of FACB analysis of 
me pre- and post-rucosylation of TP10. The B1NA2F2 species has two neamuninic acid (NA) 
residues and two tucose residues (F). 
15 Figure 90 is a graph depicting the in vitro binding of TP20 (sCRlsLe x ) glycosylated 

in vitro (diamonds) and in vivo in Lecll CHO cells (squares). 

Figure 91 is a graph depicting the analysis by 2-AA HPLC of glycoforms from the 

CHcNAc-ylation ofEPO. 

Figure 92, comprising Figures 92A and 92B, is two graphs depicting the MALDI- 
20 TOF spectrum of RNaseB (Figure 92A) and the HPLC profde of the ohgosaccharides 

cleaved fiom RNaseB by N-dycanase (Figure 92B). The majority of N-glycosylation sites 
of me peptide are modified with high mannose oligosaccharides consisting of 5 to 9 marmose 
residues. 

Figure 93 is a scheme depicting the conversion of high mannose N-dycans to hybrid 
25 N-dycans. Enzyme 1 is al^-manrtosiriase, fiom Trichodoma reesd or Aspergillus saitoi. 
Enzyme 2 is GnT-I (p^l>A^acetyl glucosaminyl transferase I). Enzyme 3 is GalT-I<Bl,4- 
galactosyhransfease 1). Enzyme 4 is o^-sialyitransferase or a2,6-sialyitransferase. 

Figure 94, comprising Figures 94A and 94B, is two graphs depicting the MALDI- 
TOF spectrum of BNaseB treated with a recombinant T. reesei al^-mannosidase (Figure 
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FigsBflB 105 is wl kafigs of asi Ssodeciiaic i&OTsmg (DBF) gel <kpdfcag to pcodids of 
to dlesMyMom raacticsa of taxBsa pMtay FSBL Lmss 1 and4aaraiflodtec^i^^ 
PEP) standaida. tae2ismJive]FSH. Laae 3 is <ksMy^^ 

Figaro 1 06 is asa image of an SBS-P AGE gel of flu© pmdtocte of to seactioos to mate 
5 PEG^jWiOTofriPSBL IanealandSaroSodBbettn^ Laa©2 
5sl5}*gofKEas«iv©FSHL I^3isl5jigofasMo-FSH(AS-FSH). ILss2a©4is ISjagoffto 
pmdmteofftoire^ 

zm&xw offAS-FSHwMi CMP-SA-PBQ (IKDa). Urn 6 is 15 jag off to prodtocte of the 
reactaoffAS-FSH^C^ Lsm 7 is 15 pg of to product of to 

10 xeaarftksm off AS-FSH trifli CMP-8AOTG (10 MJa> 

Figure 107ks^m^offmm^l©s^c fccranag gd of to podtaSs off to nes^acanis 
to mate PEG^WyWoia off F8HL Lssbss 1 aM 8 are sSarato^ Lsbb 2 is 15 fag of raiave 
FSEL L« 3 is 15 jug off asM<>-Fffl (AS-FSH). Lws 4 is 15 of to jprodods off to 
reac&oia of AS-FSH wMa CMP-S A. LmeSis 15 ^oftop^^ 
15 FSH raflu CMP-SA-PEG (teBa). LaoeSis 15 |*gof1lfaeprodtori^ 
wMil CMP-SA-PEG (5MD&). L^7is ISj^oftopoo^^ 
CMP-SA-FEG (10 HDa). 

Figon© 108 is m image of am SBS-PAGE gd of oaiive in^^ 
pnodii^ Lseiiss 1, 2 and 5 aro S^fas^2 molsOTlte^^ 

20 sIm*A. ILsmss 3 smd 4 ®s© in^Sva FSM M S smS 25 (pig^ E©sp©s^iv©Ily . 

Figaro 109 ism image of m isodtaribric fcaaskg gel (pEI 3 -7) dqsic&ig to pnodtecGs 
off to asMyWca msa^omi offriFSHL Laiss 1 sM4a^lDBFsSaBds2ds. L^25sm^@e3E^H. 
Lssit© 3 is smssHhmFSBL 

Bps© 110 is a 5sn2fflg3 of 8sa SD8-3P AGE gel depcting to tfssuBta of to PBG- 
25 sidyMoaoffi^^ is ©stive sSSH. Lsme2isssiallo-F§H. LmeSisto 

prodncla afteraction of aai^^ I«©s4-7sretepm^ 
ireactioinibe^©ea asialoFSH md 03 EnMCM[P-SA-PBG(101dDa) 
k, yespscdwdy. Lame 8 is to products of to reaction tawem asialo-FSH and 1.0 mM 
CMP-SA-PEG (10 KDa) s£ 48 to. Lame 9 is to products of to nacttoabalafenaai^VSH 
30 ax^L0mMCMP-SA-PBG(l MDa)a£48to. 
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Figaro 1 1 1 is am image off an isoelectric focraang gel showing the piroctocts of PEG- 
gMyMcm of asMo-sF&H with a CMP-&A-PEG (1 HDa). Lme 1 is Mti^e kFSH. lass© 2 is 
asialo-dPSEL I^Sistbeprodi^off^te^^ 

toes 4-7 ez© the prodsacts of the reaction off asMo-uFSH and 0. 5 wM CMP-S A-PEG (1 HDa) 
5 a421k 9 5te P 24H^^^^«sp«^ly. I^e 8 is blank. Lanes 9 aM 10 are to 

off the reaction at 48 hr off asialo-sFSH and CMP-SA-PBG (10 IkBa) 8* 03 wM aomd 1 .0 srnM, 
respectively. 

Figora 1 12 is graph of the phamacoMBetics of kFSH and idFSH-8A-PEG (IKBa m& 
lOKBa). This graph iliestaites the relationship be^ea the time affSH comporaid is in the 

10 Mood steesm of the Eat, and the mean om&83forz&on of the riFSH ©ompoiixnd in the blood for 
glyocPEGylffitol sFSH as compered to MOhPBGyteM nFSH. 

Figure 113 is a graph of Hhe ressnllts off the FSH bioassay imskg S<sartoE cells. TMs 
giraph fltosteates the relationship between the FSH concentration m the Sertoli ©el w&A ation 
medBrai and the amomt of I7-fi estradiol released fern the Sertoli cells. 

15 Fiigunre 114is aahnageofmSBS-PAGBgel: stedasd(Lsne 1); native tmasfemn 

(Lane 2); asMotansfesnrin (Lame 3); asMofeansfenin and CMP-SA (Lano 4); Lanes 5 ami 6, 
asMota^tam and CMP-SA-PBG (1 WDa) at 0.5 saM and 5 snM, respectively; Lanes 7 and 
8,asaatotansfe^ 

10, smMm^csm and CMP-S A^PEG (10 HDa) at mM and 5 mM, rapectivdy. 
20 Figmcre 1 1 5 is am image of an MF gel: native teansfenrin (La© 1 ); asMotonisfeom 

(Lane 2); asMotansferm and CMP-S A, 2te (Lane 3); asMofcransfeim and CMP-SA, 96 Ik 
(Lane 4) Lanes 5 and <5 P asMoimisfaim and CMP-SA-PEG (1 MM) at 24 far and 96 tar, 
iresp^v^Lanes7 and § s asMoteamsfenrin and GMP-SA-PEG (5 HJa) s^24Ite aajd % far, 
Ksspsctire^ Lanes 9 and 10, asMoteamforim and (CMP-SA-PBG (10 KDa) at 24 Ik and 96 
25 Ik^E^ectively. 

Figaro 1 1 6 is an image of an isoelectric focusing gel (pH 3-7) of asaaknFacte Via. 
Lmm 1 isriPactor ¥Ha; lan^ 2-5 sure ssMo-FactarVHa. 

Figure 117 is a graph of aMALDX spectra of Factor Via. 
Figure 1 18 is a graph ofaMAIM spectra of Factor VHa-PBG (1 KDa). 
30 Figore 1 19 is a graph ducting a MALDI spectra of Factor VHa-PEG (10 &Oa). 
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Figroe 120 is an image of m SBS-P AGE gel of PEGyia&d Factor Via. Lane lis 
asialo-Faetor VMsl Lane 2 is Ifihe prodtocfc of fhe ^reaction of ssMc^Facta Vila and CMP-&A- 
PEG(1 KDa) wifli ST3GaB after 48 tor. Lane 3 is tihe pmdtocfc of Sue reaction of asMo-Factor 
Via aMCMP-SA-PEG (1 KDa) wiffii ST3GsB after 48 Ik. Lsae4ist&epxodiK^oft!ii© 
5 seactionof asialo-FactarVIfearad at96br. 

Figrae 121 is an image of sun E3F gel ducting flhe pi of the prodncis of&e 
desialyia&m procedure. Lanes 1 and 5 are DBF standards. Lane 2 is Factor IX prote^ Lane 
3 issFactorEXpTOtem. Lsne4iflihedesia]ylfltra 

Figure 122 is an image off an SBS-PAGE gel depicting fee molecular weight of Factor 
10 IX cc^ragsked mSk eiJter SA-PEG (1 HDa) car SA-PEG (10 HDa) after rteaciicsa witfii CMP- 
SA-PBG. Lanes 1 and 6 are SeeBtae +2mol©cri!ar wei^rt stamtads. Lane 2 is rF-BL Lame 
3isdmalytotolKF-DL Lsn©4isidFa!C^ SA-PEG (1 KBa). Lane 5 is 

tiPacto IX ©oanpng?ated to SA-PEG (10 HDa). 

Kgim© 123 ism image of asm SBS-PAGE gel depicting fine reaction products of dimrt- 
15 sMyia&m of Factor-IX sand sialic add capping offFactor-IX-SA-PEG. Lame 1 is protein 
sftandarfs, tan© 2 is blank; lane 3 is uFactor-IX; lane 4 is SA capped rFactor-IX-S A-PEG (10 
KDa); lane 5 is riFactar-lX-SA-PBG (10 KDa); lane 6 is ST3Gall; lane 7 is ST3Gal3; lanes 8, 
9, 10 are iFactor-IX-SA-PEG(10 KDa) with no prior sialidas© teataemt 

MgBK© 124 is a gir&plhi dqpic(&Dg a MALOI spectaism tSfre giycms of native EPO. 
20 Figmnc© 125 is an image of an SDS-PAGE gel of (Sue pmdoicte of (She PBGyWon 

resdta rasing CMP-NAM4PBG (IKBa), and CMP-SJAN-PEG (lOKBa). 

Mgro 126 is a graph depicting flue sesoMs of the Moassay off PEGylated EPO. 
DnMiMHiiBs ir^pir©$©3i ttfhe dada ffibosnni. sMyBatel BPO IhaOTQig no PEG iMjfecia Sqpaxes 
-m^HinsssDilt flh© dtotei oMaminifBdl luisainis wflibi PEG (lKOav>, Triangles 
25 obtained rasing EPO wiffla PEG (lOHDa). 

. DETAILED DESCRIFIION OF THE INVENTION 
The present invitation includes me&ods and compositions for the cell free m vitro 

addition »d/or deletion of sugars to or from a peptide molecule in stuck a manner as to 

30 pmvide a glycopeptide nmoleciale having a specific customized or desired glycosylation 
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paton^ wteran tbie g&ycopeptide is produced at an inctastoM scale. Jn&praflkred 
eanbodimestf of the kvenfion, <3he ^ycqpeptide so produced has stached thereto a modified 
sugar fcM tos tea added to Hhe peptide vis an mzyxm&c smctiosu Akey feata©ofthe 
invention is to flake a peptide produced by any cell type and generate a com giycan stractae 

5 on ihe peptide foflowiBgw^ 

giycqpcptide having & glycosyiation pattern suitable for thempeiutic to© in a imammai Mxm 
specifically, it is possible according to the present invention, to prepare a glycopeptid© 
molecule having a modified sugar molecule or otto compound conjugated thereto, such that 
the ©aajugated moleaule confess a beneficial property on the peptide. According to the 

10 present invention, the conjugate molecule is added to the peptide enzymaficallylbecsnse 
CTzyme-based addffiom of conjugate niolecnles to peptides has the advantage of 
zegfoselectivity and stereoselectivity. 1 is thierefore possibles nasmg the md&ads sand 
compositions provided heran, to remodel a peptide to confer icpon tine peptide a desired 
giycan stractare prefer B is also possible, 

1 S using the uneihods said compositions of the invention to generate peptide molecules having 
desired and or modified gllycsn stractores at an industrial scale* thesdby, for tine first time, 
providing the art with a practical solution for the efficient production of improved theragpeutic 
peptides. 

20 Unless defined otherwise* all technical and scientific toons nosed hordn generally have 

the same meaning as commonly undfastocd by one of ordinary slkiffl in the art to vvhich this 
mveition belongs. Gm<srsl!y, &q mm^clstoe nnsed taeiiQi and th© Wborstary prooedtarss in 
eel osteins, molecrissr gsm^fics, orgssnic dhsinistry* aad nBd^c sod dranistoy rad 
hybridi^Mm are those ml teoroni and commonly ©noployed in th© art. Standard todmqa^ 

25 sTOBsed &r EBcleic add srfpqpttdb synSh^. The tedmqimes and procedwes are generally 
perfumed according to conditional mdhods in the art and various general refemces (e.g., 
SambrookefcaL, 1989, Motadar Qooaing: A Laboratoxy Manual, 2d odL Cold Spring Haabor 
Laboratory Press, Cold Spring Haxbor, NY), which axe provided throughout Ms document. 
The nomenclatae used hesremandthe^ 

3 0 oxgaaic syntheses described below are those well known and commonly employed in the art 
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Standard tedhmqEes ormc^cafiims toeof; are med &k chemical syntheses and chemical 



Hue articles H a° amd W axe rased faek to refer to one or to more than one (Le. to at 
least one) of the grammatical object of the article. By way of example, B an element 83 means 
5 one element or more thm one element. 

The ton "antibody," asiisedhcgdn,ged^toanh)B^ 
able to specifically bind to a spediffic'qpte^ on an sMig&SL Antibodies cm be intact 
immunoglobulins derived fiom natoral sources or tfrosn recombinant sources and cam be 
immmuxreadive^ Antibodies are typM 

10 mmBEm^obBKn molecoles* The antibodies in the present iiiiv^ommayeristmawris^f of 
firams including, for emnple, polyclonal antibodies, monoclonal arstibodies, Fv, Fab and 
F(ab)& as well as single chain antibodies and humanized amtibodies (Harlow et aL, 1999, 
Using Antibodies: A laboratory Manu^ 

et aL s 1989, Antibodies: A Laboratory Manual, Cold Spring Haxbor, New Yod; Houston et 
15 al, 1988, Pmc, NatL Acad. SdL USA 85:5879-5883; Bird et ai, 1988, Science 242:423-426). 
By the team "synthetic antibody" as rased herein, is meant an antibody which is 
gEaszafced using rocombmant BNA tedhnology, msh as, for example, an antibody expressed 
by a bacteriophage as desmbed hsrek The team should dso be constraed to mem an 
ssnltibodly which has besm gmsratei by fine synthesis of a DNA molecule ea&c 



20 antibody and which BNA molecule expresses an antibody protein, or sn amino acid setpence 
sp©ri§fing the antibody, wtaeml^BNAor 

synihe&ic DNA or amino add sequence technology which is available and weM known in the 

SETt 

As lassd hurras, a "flhncfkad 0 Mological molecule is a biological molecule in a imn 
25 M^McSifa A flimctional ©Dizyme, 

<®mssph> is one which esMMts fc ctoiactedstic catalytic activity by which the enzyme is 
daaracterized. * 

As used herein, tfaestactnreV ^A" , is the point of connection between an 

smino acid in the peptide ctem sad the gflycan structure. 
30 ' blinked 81 oligosacdharidfis are those oligosaccharides that are linked to a peptide 
backbone through asparagine, by way of an a^aragine-N-acet^^iacosamine linkage. N- 
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flfrfa^ ^^n^^isiir;^^ are algn> called ^-flfrycarai TO All N-linked ofigosacdamdss hve & 
^xifflnnioini psnila^iccSisside core of Msa^GlcNAca. l^dififemlihepese^ 
anmteof branches (also called antamae) of pOTptaal sugars SEch asN-acetylgtac^^ 
galactose, N-acety!ga]^ Optionally, to structure may also 

5 contain a core ffiacosemol^^ 

Act "elesneaitial trimaxmosyl core structure" refers to a glycan unoiefcy comprisHBg solely 
atrimamaosylcorestruri^^ Wtailihetem 
MemeataP is not included in the description of the "trimannosyi core stoKstare," then the 
gjtycan comprises the trisuMmosyl coins stoictoe with additions)! sugars atoched theadto . 

10 Optionally, Ms structure may also contain a ©cure ffiscose molecule and/or a xylose molecule. 
The tera "elemeantal MmaMBOsyl core glycopqjtid©* 5 is wed h&dm to refe to a 
gUyccpqrtide Slaving glycan stadtaes consprised primarily of am elemantal trimamsosjfl core 
stactae. Optionally, this stractane may also conttam a core fucose molecule and/or a zylos© 

molecule. 

IS ^Kni^" ofigosacd^ 

backbone through ttoemisie or soti©. 

AH oligosacdiarides described herein are described with the name or abteeviaiion for 
flue Boxsrrediadag saccharide (Le^, Gal), followed by the configuration of the glycosidic bond 
(©or P),tiiherimgboMP or 2), tSue ™g position of the iretemg sacdnaaide Mvolved im tSh© 

20 bond (2„ 3, 4, 6 or 8), and 1km tSh© naame or abbreviation of the reducing saccharide (i &. , 
GfcNAc). Bach sacdaaride is preferably a pyraaose. For a mevim of stemted gJycoMology 
uomndafiro see, B&wMbqS Glycobiology VarM ct aL eds., 1999, CSHL Brass. 

Ite term "sialic refas to amy meaaterof a itaiily of nine-carbon esrboxylafled 
saggars. The most coe^^ 

25 la^5-acetamido-3^ acid (often 

abbreviated as Neu5 Ac, NeuAc, or NANA). A second member of the Smoky is N-g!ycolyi- 
neanmiMc acid (NeuSGc or NeaGc), in which the N-acetyl @omp ofNeuAc is hydroxylated. 
A third sialic acid family member is 2-kdo-3-deosy-noniiloKinic acid (KDN) (Nadano e& aL 
(mfyJ.Biol ChemM: 11550-11557; Kanamori et al^ J. BioL Chem. 265:21811-21819 

30 (1990)). Also included are 9-substituted sialic acids such as a 9-O-Ci-Cs acyl-Neu5Xo like 
9M>laciyl-Neu5 Ac or 9-0-acetyl-Ne!ffl5 Ac, 9-deoxy-9-iQhioro-Neu5Ac and 9-azido-9-deosy- 
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vjay depending v®m tine size, state off gfyootfatiniarioite^ 

in ft© art Fssrfiier e^lanaSiom of 8 1ialf-Iife M is focnd in Ffoama^ticalBiQted^ 

(1997, DFA Cromimelin and RD Sindelar, eds., Harwood Publishers, Amstodsm, jp 101 - 

120). 

5 The tan ""residence time" as used herein in the context of administering & peptide 

drag to a patient, is defined as the average time that drag stays in the body of the patient aite 
dosing. 

An "isolated oneiric add" refers to a nucleic acid segment or ftag&nent wMdi has 
been separate! ftonn sequences ^tfch flank it 

10 fisgmCTH wMch Unas tem mio^d fiu&n tine seqroaices wttch are memMy adj to l&c 
fragment^ e.g. s &e seqpsaoes adjaosniS to tShe ft&gKnenit in ageaiome ik wMch & matorally 
coots. The tem ate© applies to nucleic adds wMdh tore b©m siAstatialy pmrified fern 
ofli^ coimponm&s wMcb mtoally accompany &e nradete acid, e. KNA or DMA. or 
prote^wMcfonMnr^ Tbetmn therefore includes, example, 

15 areoomli^^ is incorporated^ into an autonomously indicating 

plasmid or vims, or into tiie genomic BNA of aprokaryote or eukaryote, ot^McSh exists as a 
separate molecule (e. g. , as a dDNA or a gmomic or cBNA ftagmeofc produced by PGR or 
ngbictimcmainie 1 ato includes ^ 

BNA^Mdh fa'put of abjftrid wide add encoding additional peptide seqarasc©. 

20 A *pdtymdaofi^ mems a singb stead or parallel and antiiparalW stands of a 

nmcldc add. Tfcns, a polynnclooMd© may be dte a single-steanded or a dtouMe-steanded 
mddc add. 

•a© tooi c ta5dldc add w ttypi<E^ffly irefes to Issrge jmlymiictotfides. Hhetesm 
w oHg©rari©ofidte ra ^picaiy 3r©fes to start polynucleotides, g^arally ginsatefcn aboufc 50 
25 nucleotides. 

Gosm^oia! notation is used teran to describe polynucleotide sequences: tine left- 
band ad of a ongle^b»ndedpotynn^ 

a doiMe-stranded polynucleotide sequence is referred to as flie S'-direction. The direction of 
5 1 to 3' addition of nucleotides to nascemt KNA transcripts is referred to as tine transection 
30 direction. The BNA strand Imvingte 

"coding strand 53 ; sequences on th@ DNA strand which axe located 5° to a reference point on the 
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BNA ^©ireifeired to as v \gpsteeam sequoxces"; ssquisaces caa AeDNA. sSmidl wMdk se© 3° to a 
refee^pokt on She DMA are inferred to as "downstream sequraces." 

^EacodiBg" 5 refers to the iatemJ property of specific sequmces of nucleotides in a 
polynucleotides such as a gene, a cDNA, or an mRNA, to sere© as templates fin: synthesis of 

5 other polymers and macromoleoules in biological processes having eitffinear a defined sequence 
of nucleotides @.e., rRNA, iKNA and mRNA) or adefined sequence of amino adds and the 
biological prope^es resulting Ita Thus, a nncldc add sequence <ai^^ 
ftransgrintion and translation ofinoRNA corresponding to tot nucleic acid produces Ute 
protein in a cell or other biological system. Bo*h&e coding strand, the nndeotide sequent 

10 of wM<& is identical to theniKMA sequence and is usually provided in sequence listings and 
fiie non-coding stand, rased as the template fea: transcription of a gisae or cDNA, ran be 
refexed to as encoding flheprotdn or othigr product of that nucleic add or cDNA. 

Uhless otherwise specified, a ^nucleotide sequence emxjding an amino add sequence 59 
include all nucleotide sequences tihat axe degenerate versions of each other and that encode 

15 thesanie ammo add sequence. Nudeotide sequences that encode proteins and SNA may 
include inteons. 

"Homologous" as used taein, refers to the sublimit sequence similarity between two 
polymeric molecules, e.g., between two nucleic add molecules, ©.g., two BNA molecules or 
two RMA ^leceles, m between Wo pqstid© molecules. WhmasubraritposMon 

20 the two unolecules is ocojped by fee sssn© ranmc submit, e.g^ if a position in each of 
two DMA molecides is occupied by adeiine, then tfhey are homologous alt tot position. The 
homology between two sequeaisces is a dfawt function oftiShe mrabsr of matching or 
bamoto^uspositionSp ag^ if half (©.g., five positions in apoSynnear ten sEbunids in fengflh) of 
Uhe tosMchies in two compound. seiipsiEDes ssre taoaologous tlaea toni© two sequraces axe 50% 

25 homologous, if 90% of the positions, e.&, 9 of 1 0, aire matched or homologous^ tie two 
sequences Am !^ homology. Bywayof<soiample^ 
3TATGGC Aaz© 50% homology. 

As used herein, "hDmology 89 is used synonymously with "identity." 

The determination of peraast identic between two nucleotide or amino add 

30 sequeaaces can be accomplished using a mathematical algorithm. For example a 

mathematical algorithm useful for comparing two sequences is the algoriShm of Kariin and 
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Attscfanl (1990, Rroc. NatL Acad. So. USA 875264-2268), modified as in Kariin and' 
Afadml (1993, Pmc. NaSi Acad. Sd. USA 90:5873-5877). THs algcdftm is incoirpoir^ 
. into the NBLAST and XBLAST programs of AKsdml, et aL (1990, J. Mol BioL 215:403- 
410), and can be accessed, for example at &e National Center for Biotedmology infonmtion 

5 (NCBI) world wide web site having fine universal resource locator 

"ht^y/ffyww.m ^ BLAST nucleotide searches can be performed wife 

tine NBLAST progran (designated "blastn" at fflie NCBI web site), using flue following 
parameters: gap penalty = 5; gap extension penalty = 2; mismatch penalty = 3; snatch reward 
= 1 ; expectation value 1 0.0; and word sizs = 11 to obtain nucleotide seqemces homologous 

10 toaiiE&>Mcadddes^^ BLAST protein searches can bepedibmedwitkthe 

XBLAST program (designated "blastn" atflheNCBI wrib site) or flheNCBI "MasSp* 3 program, 

&efoMowing parameters: expectation valine 10.0, BLOSUM62 scoring matrix to 
obtain amino acid sequences homologous to a protean maolecule described hsmsL To obtain 
gapped alignm ents for comparison purposes, Gapped BLAST can be utilized as described in 

15 ' A!ftsGMetaL(1997,N^ 

Blast can be used to perform an iterated search wHch detects distant ireMonshsps betwem 
molecules (ML) and EektioBsbqjs between unoleodes which share a comsnon pattern. When 
laffliziBg BLAST, Gapped BLAST, PSI-Blast, and Pffl-Blast programs, She default 
praneterBofte See 

20 M^y/gmwJscM.inilto 

Ttapescmtidenl^ 

similar to those described above, with or without allowing gaps. In calculating pero^ 
ido^ 9 11ypiea% 

A °%stologpw nimcWc acid expression wosHT encoding a peptide is defined as a 
.25 nucleic acid having a codii^ sequence for a peptide of inteest cpembly linked to on© or 
more expremoaoi contaol segtamoes such as promoters and/or repffl&ssor sequences wtenem at 
least one of tine sequences is heterologous, i. e., not normally found in the host celL 

By describing two polynucleotides as "operably linked 91 is meant that a single- 
stranded or double-stranded nucleic acid moiety comprises the two polynucleotides arranged 
30 within the nucleic add moiety in such a manner that at least cme of flue two polynucleotides is 
able to exert a ph^ological effect by wM^ By way of 
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example^ a promoter operably Krifced to the coding region of a nucleic add is able to promote 
tomscriptioB of Ute cmSMg insgioinu 

Ac tncf*ri! lK<srefir9 fhe ttSOTl ^ffOmotfiSxTeiinsIfitorY 80011010© fln©3121S a nucleic add 

sequeaace which is required &sr expression of a gene product operably linked to the 
5 promotexfegulator sequmce. la some instances, Hhis sequence maybe flue core promoter 
sequence and in other instances, fids sequence may also include an enhances: sequmce and 
otte regulatory eta 123® 
piomotes/cegn^^ for example, be one which expresses flue gene product in 

a tissue specific flffimneir. 

IQ a "constitaitive promote is apramoter which drives expression of a gsae to which it 

isqpcraUlyllirik^ By way of example, promotes which drive 

expiessiom of cellular hoimsekeeping genes are considered to be constitutive promotes. 

An CT i3nidh!icable w poanniolteris amucleotide sequence whicfa, when oporably inked wift. a 
polynucleotide which encodes or specifies a gene product, causes fflie gene product to be 

15 iiroducedinalm^ 

promoter is present in tihe cel. 

A "feue-qjedfic 50 promoter is a nucleotide sequence which, when ofseraMy linked 
wish a polynucleotide which enco^ 
feeprodnMssdkal^^ 

20 correspcaniding to Hhe promote. 

A ^Vector 03 is a ©opposition of matter which comprises an isolated -xmcUc arid and 
^chcmltensedtoddir^ Numerous 
vectors wq hsmm in Hh© as* iin^i3sdBinis > brat not limited to, inear polynindeotid^, 
polynrcleoite associated wiflh ionic or ampMpMic compounds, plasmids, and muses. 

25 Thus, &s term Nectar" iratadesma^^ Hue tern 

should also be OTisstaM to comp>iands which facilitate 

tonsfe of nucleic acid into cells, such as, for example, polyiysine compounds, liposomes, 
and the ike. Examples off vjiral vectors include but are not linaited to, adenoviral vei^o^ 
wimsHiKmm^A vims vector retroviral vectors, and the like, 

3 o "Espxession vector" refers to a vector comprising a recombinant polynucleotide 

conqrasing expression contol sequences opcsaiively inked to a nucleotide sequence to be 
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expressed. Ami eiqKressioini vector comprises sofficiralt ds-ac&ig eleanenits for expression; 
o&et etanenSs fi»T ejqpinsssim canbe saqjp^edhy tihehost cell or in an as vitro espression 
system. Esprtesdonvedorai^^ 

(e.g., naked or contained in liposomes) and viruses that incorporate the reco mb ina n t 
5 polynucleotide. 

A "genetically engmeraedT or "terombinanf* ceE is a cell having one or mors 

modifications to tihegmeticin^^ Such modifications areseea to inctade,binit 

are not limited to, imsertions of genetic material, deletions of gmetic xnateial and ims©tion of 

genetic jnateial that is eadtrackomasoimai whether such material is stably maintained or not 
10 A "^peptide?* is an oMgopqptidep polypeptide* peptide,, protein or ^ycopxotek. TSiense 

of flie tana '"pqjtide" tedm includes a peptide having a sugar molecule attached iheseto 

wiim a sugar molecule is att&chsd Hhereto. 

As es©d to™, "laative fom w moms fee fern o ff the peptide when produced by tfine 

cells and/or organisms in which it is foundinnatoe. When the peptide is produced by a 
15 plurality of cells amdAmr w rtfwnfsrn*, tihe peptide may have a variety of native forms. 

"Peptide" refers to apolym^in whichthe monomers are amino adds and are joined 

Hoge&Ear feough amide boads, aKtais^ely refartsd to as a peptide. Additionally, unnatural 

amino adds, for ©sample, P-alanon®, phjsayigjyrane and homoarginin© are also included. 

Amino adds tat sra mot iitcMc sdd-Kgniottded emy sis© be nnsed in She presmS invra&m, 
20 Forctamoin^ amino adds flhattorob©Ea modified to inctad© reactiv© gKomtps, glycosylation 

site, polymers, inerapeotic moiefies, biomolecdes and the like may also be used in the 

inrvOTtiom. ABoftlhe amiroaddsin^^ 

isomerifisr©o£ Th©L-is«n^ Ik sdditice, other pqriMomimeta sre 

alsouseMinlihepir^^ As iiimitedB, >qjtid© w refes tolboflu glycosylated and 

25 ungly^sylated peptides. Also iocWted are peptides tat ss^e incompletely glycosylated by a 
systollhMQKpiressesttepq^de. For a g^eral review, Spatola, A. F., in CHBMismY 
and Bicxihemisiry of Amxno Aqds, Pefiides and Rxoimns, B. Weinstein, eds., Maroel 
Bddcsr, New York, p. 267 (1983). 

The torn "peptide conjugate," refers to sp©des of flue invention in which a peptide is 

30 conjugsitedwffli a modified sugar as set forfli herein. 



408- 



WO 03/031464 PCT/DS02/32263 



The tenn "amino acid"referB to naturally occurring and synthetic amino acids, as well 
as amino acid analogs and amino arid mimetics that function in a manner similar to the 
naturally occurring amino acids. Naturally occurring amino acids are those encoded by the 
gpnetic code, as well as those amino adds that are later modified, e.g. , hydroxyproline, y- 

5 caiboxyglutamate, and O-phosphoserine. Amino acid analogs refers to compounds that have 
the same basic chemical structure as a naturally occurring amino acid, i. e. , an a carbon that is 
bound to a hydrogen, a carboxyl group, an amino group, and an R group, ag., homoserine, 
norleucine, methionine sulfoxide, methionine methyl sulfonium. Such analogs have modified 
R groups norleucine) or modified peptide backbones, but retain die same basic chemical 

10 structure as a naturally occurring amino acid. Amino acid mimetics refers to chemical 
compounds that have a structure that is different from the general chemical structure of an 
amino arid, but that function in a manner similar to a naturally occurring amino arid. 

As used herein, amino adds are represented by the full name thereof by the three 
letter code corresponding thereto , or by the one-letter code corresponding thereto, as 

15 indicated in the following Table 1: 

Table 1: Amino acids, and the three letter and one letter codes. 



Full Name 


Three-Letter Code 


One-Letter 


Aspaitic Acid 


Asp 


D 


Glutamic Acid 


can 


B 


Lysine 


Lys 


K 


Argjnme 


Arg 


R 




His 


H 


Tyrosine 


Tyr 


Y 


Cysteine 
Asparagine 


Cys 


C 


Am 


N 


Ghilainine 


On 


Q 


Serine 


Set 


s 


Threonine 


Thr 


T 


Glycine 


Gry 


G 


Alanine 


Ala 


A 


Valine 


Val 


V 




Leu 


L 


Isoleucine 


He 


I 


Methionine 


Met 


M 


Proline 


Pro 


P 


Phenylalanine 


Phe 


F 


Tryptophan 


Tip 


W 
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The present invention also provides for analogs ofproteins or peptides which 
comprise a protein as identified above. Analogs may differ ftom naturally occurring proteins 
or peptides by conservative amino acid sequence differences or by modifications which do 
not affect sequence, or by both. For example, conservative amino acid changes maybe 
made, which although they alter the primary sequence of foe protein or peptide, do not 
normally alter its function. Conservative amino acid substitutions typically include 
substitutions within foe following groups: 

glycine, alanine; 

valine, isoleucine, leucine; 

aspartic acid, glutamic acid; 

asparagme, ghrtamine; 

serine, threonine; 

lysine, argjnine; 

phenylalanine, tyrosine. 

Modifications (which do not normally alter primary sequence) include in vivo, or in 
vitro, chemical derivatization of peptides, e.g^ acetylation, or carboxylation. Also included 
arc modifications of glycosylation, e.g., those made by modifying foe glycosylation patterns 
of a peptide during its synthesis and processing or mtbifoer processing steps; e.g., by 
exposing foe peptide to enzymes which affect glycosylation, e.g., mammalian glycosylating 
or (^glycosylating enzymes. Also embraced are sequences which have phosphoryhtted 
amino acid residues, e.g^ phnsphotyrosine, phosphoserine, orphosphothreonine. 

It will be appreciated, of course, that the peptides may incorporate amino acid 
readnes which are rmxh^wimout affecting activity. For example, the termini maybe 
derivauzed to include blocking groups, Le. chemical substituents suitable to protect and/or 
stabilize foe N- and C4ermmi fiom "undesirable degradation", a term meant to encompass 
any type of enzymatic, chemical or biochemical breakdown of foe compound at its termini 
which is likely to affect foe function of foe compound, Le. sequential degradation of foe 
compound at a terminal end thereof 

Blocking groups include protecting groups conventionally used in the art of peptide 
chemistry which will not adversely affect foe in vivo activities of foe peptide. For example, 
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suitable N-tenamoal blocking groups cam be inJroduced by alkylation or acylation of the N- 
tenniHBs. Examples of smtableWerminalblocI^ groups include Ct-Cs branched or 
uabraached alkyl groups, acyl groups such as fonnyi and acetyl groups, as well as substituted 
firans mereof, such as the acetaniidomethyl (Acm), Fmoc or Boc groups. Besamino analogs 
5 of amino acids are also useful N-terminal blocking groups, and can either be coupled to the 
N-tesminus of the peptide or used in place of the N-temiinal reside. Suitable G-tennmal 
blocking groups, in which the casboxyl group of the C-temunus is either incorporated or not, 
include esters, tetones or amides. Ester or ketone-forming alkyl groups, particularly lower 
alkyl groups such as methyl, ethyl and propyl, and amide-forming amino groups such as 
10 primary amines (-OT 2 ),aM 

emyiamino, dimemyiamino, diemylammo, memylemylamino and me like are examples of C- 
teminalbtocking groups. Descasboxylated amino acid analogues such as agmatine are also 
TO^C^tenmial blocking groups and cm ■ 
residue ormsed hiplaceof it Further, it wffl be appreciated that me ft^ 
15 groups at the temnMca^ 

descaiboxylated forms Itarof without affect on peptide activity. 

QSte modifications cam also be incorporated without adversely affecting the activity 
and mese include, but are not Bmiited to, substitution of one ot 
Mto^I^somm^ Thus, flhe peptide may 

20 iadadeoneormoreD-ami^ 

D-fbrm. Setro-kwerso forms of peptides m accordance wim the preset 
contemplated, for example, im^^ed peptides m which alan^ 



inosgaaic acid such as hydrocMoric, hydrobromic, sulfuric, nitric, pho^horic, and the like, or 
an organic add such as an acetic, propionic, glycolic, pyruvic, oxalic, malic, malonic, 
succinic, maleic, fumade, tataric, dtric, benzoic, dnnamic, mandelic, methanesulfonic, 
eflanesulfenic, p-tolumesulfonic, saEcycHc and me like, to provide a water soluble salt of the 




30 peptide is suitable for use mlSie invention. 
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Also metaled sere peptides wMch fave bem modified rang oirdinary moleodss: 
biological t©Dtoiqpss so as to improve flask resistance to proteolytic degradation or to 
optimize soMbffitypn^ Analogs 
of such peptides include those containing residues other tihan mtoslly occurring L-amimo 
5 adds, e.g.,I>amino adds or non^^^ The peptides of 

the invention are not limited to produces of my of Hie specific exemplary processes listed 

As nased hema, fte torn ^MALDF is an abtoeviatioB for Ma&ix Assisted Laser 
Oesorption Ionization. During iosrizatian, S A-PEG (sialic add^ly(ei!hyiene glycol)) can be 
10 partially eliminated fenrn ttoN-glycm staictae of flue glycoprotein 
As used hsdn,1!heti^ 

As used herein, flietem fl %jodified sug&r/ 9 mefas to ainiataraliy- ornGMsataradly- 
occumng caibohydrate tfhafc is mzymstically added onto an amino add or a glycosyl residue 

15 ofapq>tideinapxocessof^iinfv©itioaL The modified sugar is selected fiom a number of 
©nizyme substrates mclfatf^gj but not limited to sugar nucleotides (mono-, di-, and tri- 
phosphates), activated sugars {e.g^ glycosyl halides, glycosyl mesylates) and sugars flhat are 
neither activated nor iideotito* 

TRfoe^initodi^ Useful 

20 modi^ing graisps imdtade,lto wate-sohMe polymers, tiherapeutic 

moieties, diagnostic moieties, Momolecules and tSh© like. The loans of fimctiomlmtion with 
1&3 modifying grouip is sdlectei mA tfafc it does mot pxev^aft flhe ^modffiedl sagsf fem bang 

ISu© ten 'tataMoMdeF msfes to moieties Oat have some detectable degir©8 of 

25 sohMfyinwate. Me&ods to detecft a^ 

art Earaqptey water-soWble jpolymors kcled© peptides, smfarides, poly{e&h&rs) s 
pol^amines), poly(caxfeoxyiic adds) and the Eke. Pq^tidescmlmvemkedsequ^icesorbe 
composed of a single amino acid, e.g. poly(lysine). Similarly, saccharides can be of mixed 
sequsice or composed of a single saccharide subunit, e.g., dexflran, amylose, chitosan, and 

30 poly(sia]lic add)- An exemplary po!y{eiher) is polyethylene glycol). Polyethylene imine) is 
an exemplary polyaHnine,, and poly(aspartic) add is a representative poly(carboxylic add) 
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The term, "glycosyi hntring group " as used te^refesrstosglycos^mddmioto 
which an agent (©.&, water-soluble polymer, therapeutic moiety, Momolecule) is covslently 
attached. m me methods of titemveation,tiM^ 

attached to a glycosylated or imglycosykted peptide, thereby linMmg the agent to an ammo 
5 acid and/or glycosyi residue on the peptide. A "grycosyl linking group" is generally derived 
torn a Modified sugar" toy flue enzymatic attachment of the •'modified sugar" to aa aaaino 
add and/or glycosyi residue of the peptide. An Intact glycosyi linking group" refera to a 
Imking group tiM is derived from 

monomer mat links me conjugate is notdegrade4e.g.,omdi2^e.g^bysodinm 
10 metapericdate. "mtact glycosyi Jh&^gw^rftovmBfamMytodaMfam^ 

M^^yoccundngoMgosacc^^ or removal of oneormore 

gjycosyl unit fiom aparent saccharide structure. 

The terms "targeting moiety" and "targeting ageaC as use^^ 

mat will selectively localize in a particular tissue or region of the body. The localization is 
15 mediated by specific recognition of molecular determinants, molecular size of the targeting 

ageat or conjugate, ionic mteracfioas, hydrophobic mteractions and the like. Other 

mechanisms of targeting an agent to a particular tissue or region are known to 

(heart. 

As used Iteem, "liie^ 

20 but not limited to, antMotics,^ 

radioactive agents. "Therapeutic moiety" includes prodrugs of Moactive agents, constructs in 
which more than one therapeutic moiety is bound to a carrier, e.g. s multivalent agents. 
Therapeutic moiety also mctodes peptides, and consfc^ Exemplary 
peptides include those disclosed in JFigrare 1 and Tables 5 and 6, herein. 

25' As used herein, "anti-turner drug 0 means any agent mseM to combat canc^ 



anmracyclines, antibiotics, antimitotic agents, procarbazine^^ 

corticosteroids, interferons and radioactive agents. Also encompassed within the scope of the 
team "anti-tumor drug," are conjugates of peptides with anti-tumor activity, eg. TNF-a. 
30 Cmpe**** ftwlnrie, bnt am not limited to those formed between a merapeutic protein and a 
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$ycoprotein of the invention. A representative conji!^^ 
andTNF-o. 

As used herein, w a cytotoirin or cytotoxic agent" means any agent that is de&imertal to 
cells. * Examples include taol, cytochalasin B, gramicidin B, etMdium bromide, emetine, 

5 mitomycin, etoposide, tenoposide, vincristine, vinblastine, colcMcin, doxonMcin, 

daonoraMcin, dihydroxy anfliracinedione, mitoxantrone, mithramyciin, actinomydn B, 1- 
de&ydrotestosteone, glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and 
pim>mydnandanMogsorlhomologstteeo>£ Other toxins Mclikite, &r exan^ 
1065 md analogues, diiKJfcarmycins. Still other toxins include d^btheria toxin, and snste 

10 vCTom (e.g., cobra vmoam). 

As used tedn, w a radioactive agent" includes any radioisotope that is ©Effective in 
diagnosing or destroying a tenor. Examples include, bust are not Hmited to, in dhmnnhl 11, 
cobalt^SO aod tectaddmiL AMtiona]lly,naturalfy 

uranium, radium, and thorium, which typically represent mixtures of radioisotopes, are 
15 suritabteexan^lesofara Use metal ions are typically chelated mfli an 

organic chelating moiety. 

Many HBse&l diie!a£mg groisps, crown ellhers, cryptands and the like sane faxown in 
art and cm be incosporated into fflne compounds of the invention (e. g, HBTA, BTPA, BOTA, 
OTA, IDDTA* efc. and ffiask pkj^toMte analogs secih as BIOT, EDTP, HDTP, OTP, <stfe). 
20 ^ife(Sxs^le,]Pitt^(Gl, TfeB^gEof^^ 

Ovedoad," In, Inorganic QsEMismY w Biology and Medicine; Martell, Ed. ; American 
Chrancal Sccieiy, Washington B.G, 1980, pp. 279-312; Landoy, THE CHBMSSmYOF 
MAcmCTDHC liQAND Complexes; Carfmdge University Piress, Cambridge, 1989; Bugas, 
BiooMAMC QjsaffllsmY; Spring^-Vsdag, YcA, 1989, and rfesmces contained 
25 tthensin. 

AMticnally, a manifold of route allowing fine attadraaient of chelating agents, crown 
eilhemamdcyclodfix^ Sag, for 

example, Meares et aL 9 'Tropesfties of In Vivo Chekte-Tagged Proteins and Polypeptides." 
In, MODIFICATION OF PROTEINS: FOOD, NUTRinONAL, AND PHARMAOOLOGICAL ASPECTS;" 

30 Feeney, <s? aL , Eds., American Chennical Society, Washington, B.C., 1982, pp. 370-387; 
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Kasina et aL, Bioamjugate Chem^ 9i 108-117 (1998); Song etaL, Bsoconjwg&e Chem.» 8s 
249-255 (1997). 

As used herein, "pharmaceaSically acceptable cameK" includes amy material , wnicb 
when combined with die conjugate retains die activity of die conjugate activity and is non- 
5 reactive wim die subject's immune system. Examples include, but are mot limited to, any of 
the standard phamiaceciiical carriers such as a phosphate buffered salk© soMon, water, 
emuMc^sm&asoil/wate Otecaariess 
may also Mud© stefl^ Typically 
steamers cortain exdpients such as stsjrda,miik, mgw> cahmfypaoiclsy, getek, 
10 stearic add or salts th®eo£ magnfisfoanni car caldMB starsto, Hale, vegetable fists oar oils, gimas, 
glycols, m otitar taowm escipirats. SbA (Mnriers may also nuc tate flavor mid colter additives 
orotomgredieats- CompositioBS c^^ 
coEventioMll mdShods. 

As used herein, "administering" mesas oral administration, administration as a 

• 15 suppository, top^^ 

intoe^al or snbcutanBon admimstation, intrathecal administration, or fin© implantation of a 
stewardess© device a mM-osmotic pwxxp, to Uh© sribjeefc. 

, Ita teHU s %otatair mefas to a mateM ttfbtsft is snnbstsetMSy ojt ess^aSklly &©s fejm 
cot^ch^^ For pqp&d© omnpigsto of &© me^ct^ 0% 

wMdiiinsonm^ 

^Wi^e^ Itypicaly, isolated p^toomgrags*esof4he 

HRfCTito Ttatomirrfofl^ 
of parity ifeiB© peptide <wsn^ 
25 offline range* of praritiy is abort 70%, abort 80%, abort 90% ot moms flm abort 90%. 
Wlteaalihepepl^ 

p^fersblyespnB^sdasaiimge. Hh© low®: md of Hh© rang© offpmfoy is abort 90%, abort 
92%, abort 94%, afcort 96% or abort 98%. Theiispper ™^ of tiheiramge of praxis abort 
92%, abort 94%, abort 96%, abort 98% or abort 100% praiity. 
30 Purity is detemmed by aey art-recognized mdhod of ma&ym ie.g. 9 band intensity on 

a sihrerstamed gel, polyacrylamid© gel dectraphoresis, HP3LC, or a similar means). 
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characteristic of a population of peptide conjugates of fee mvention in which a selected 
perceoiage of fee modified sugars added to apeptide are added to nraltiple,ideQtical acceptor 
sites on fee peptide. "Essentially each member of fee population" speaks to fee 
5 "homogeneity 55 of fee sites on fee peptide conjugated to a modified sugar and refers to 

conjugates of fee invention, which are at least about 80%, preferably at least about 90% and 
more preferably at least about 95% homogenous. 

"Homogeneity, 5 ' refers to fee structural consistency across a population of acceptor 
moieties to which fee modified sragars sre conjngBted. Tims, in a peptide conjugate of fee 
10 invention in which each modified sugar mdieiy is conjugated to an acceptor site having fee 
same structure as fee acceptor site to which every ofeermodffied sugar is conjugated, fee 
peptide conjugate is said to be about 100% homogeneous. Homogeneity is typicaly 
expressed as a range. The lower easdoffes range of homogeneity for fee peptide conjugates 
is about 60%, about 70% or about 80% and fee upper end of fee range of purity is about 70%, 
15 about 80%, about 90% or more fean about 90%. 

When fee peptide conjugates are more fean or equal to about 90% homogeneous, their 
bomogeneisyis also preferably espressed as arrage. The lower end offee range of 
ttonmgeaeity is about 90%, about 92%, about 94%, about 96% or about 98%. The upper end 
of fee nags of purity is about 92% afoot 94%, stout 96%, about 98% or about 100% 
20 homogsmeity. The purity offee peptide conjugates is typicaly detomM by one or more 
mefeods teown to those of drill in fee art, o&, liquid chromatographyHniass spectrometry 
(DC-MS), matrix assisted laser desorptiom mass time of ffight spectrometry 0^AUDI-TOF), 
cspBarydledroph^ 

25 ^^iefefflD®toaglycop^tidespede^ 

are glycosylstedby fee glycosyteasferaseof interest (&g:, feoosytemsfeiase). For 
example, in fee case of a ©1,2 focosylttransferase, a substantially uniform focosylafion pattern 
exists if sifestantially all (as defined below) offee Gaipi,4-GlcNAc-R and sialylated 
analogues feereof are fucosylated in a peptide conjugate offee inveation. 1 will be 

30 nnderstoodbyoneofsMlmfeeart,featfeestarri^ 

acceptormoietiesfeg., focosylated GaipM-GkNAo-R moieties). Thus, fee calculated 
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percent giycosylstion wil kids accqptor mott^ that are gUycosjteed by the mdfeods of 
tfiie invention, sis well as those acceptor Moieties already glycosylated in. the sitting material 
The term "substratfe!!/* in tSue above definitions of "substantially uniform" generally 
means at least about 40%, ait least about 70%, at least about 80%, or more preferably at least 
5 about 90%, and stall more preferably at least about 95% of the acceptor moieties for a 
particular glycosyitransf&ase are glycosylate! 

Description of the Invention 

10 TL Mdfcd toR@gniodel GSwsddi (Mas 

The present invention includes metals audi compositions for fine m vitro addition 
and/or deletion of sugars to or ftonm a glycopeptide molecule in such a manner as to provide a 
peptide molecule tovimg a specific customized or desired glycosyWion p attan, preferably 
including the addition of a modified sugar thereto. Alkey feat^of&emvoiticmtaua^reis 

15 to take a peptide produced by any cell type and generate a core glycan structure on the ' 

peptide, following whidi the glycan structure is then remodeled in vitro to generate a peptide 
having a glycosyfation pattern suitable for therapeutic use in a mammal. 

The importance of the glycosyiation pattern of a peptide is well known in the art as 
m@ the ffimterffoinis of preset m mm innieftcds for fine predection of property glycosylated 

20 peptides, partiaBlasily wtoat these peptides are produced using recombinant BNA 
mdhodology. Moreov^, HntM 

glycopeptides having a desired glycasn stactee thereon, wherein the peptide cam be |OT*fao©d 
at industrial scale. 

Mttepr^^mv<snitio^ a peptide produced by a cell Js mzyinniaticaHy tested m vi&ro 
25 by fine systemtic addition of fine appropriate ©azyunes and substrates therefor, sudhi fiat sugar 
moieties that should not be present on the peptide are mo ved, and sugar moieties, optionally 
. including modified sugars, that should be added to the p^^ 
provide a i^yccpeptide having "desired glycosyiation", as defined elsewhere herein. 
A. Mdhod to remodel N-tinted gtvcans 
30 In one aspect, die present invention takes advantage of the feet that most peptides of 

cc™nereMorphammceutic^ 
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herein as fee trimsmosyi ©aire, which is N-Bntedl to asparagme at fee sequence Asn-X- 
Ses/Thr obi a peptide dhaixL The elemeanM trimamosyl cor© ccesasfis ©sasmtiaBy of two N- 
. acetylgbcoBamiM 

peptide^ Le., it comprises these five sugar residues and no additional sugars, except feat it 
5 may optionally include a ffucose residue. Hie first GlcNAc is attached to the amide gioupof 
fee asparaginic and fee second GlcNAc is attadied to Ae first visa P,4 linkage. Amiannose 
^due is attached to 

stiadiedtoMsifflifinno^viaaB^ljS aM m ©l s 6 linage i^spedtively. A schematic depiction 
ofatrimannosjflcaresfrucfa^ While it is fee case feat glyoan 

10 steuctares on most peptides oorapris© ofe<sr sugars in addition to fee trimannosyl core^ fee 
drimaanosyl core structure m$&9m%& an essential feature of N-Mnked glycams mammalian 
petite. 

The present invention incltades fee gmemtion of a peptide having a tranannosyi coir© 
structure as a fundamental elemeaot of fee structure of fee glycan molecules contained 
15 thereon. Given fee varieiy of celMar systons tased to produce pq>tides,whefe^ fee system 
are feeanselves naturally coaming or whete feey involve recombinant DNA mefeodology, 
fee preseaat invention provides mefeods ^todby a glycan molecimle on a peptide produced in 
aayodlt^cmberatac^ Qncefeedmraial 
tirimMmosylcoireste 

20 hsKem^to generate m a desires! gEycan statftoe on fee pqptide which confers on fe© 
peptide one cor more properties feat enhances fee feerapeutic effectiveness of fee peptide. 

It shouM be clear fratn fee discission taein feat fee tern s %im2nnosyi core 5 " is Bsed 
todescdiltefee^y^ Glycopeptita having a 

frimannoByl coir© stactar© mniay also have additional sugars added fesretoj, and for fee most 

25 past, do have additional siructo^ 

to a peptide having a desimS glycasn statoe. The team "elemental teimaamosyl core 
structae" is defined elsewh^hssdin. When fee tem "elemental" is mot included in fee 
description of fee *%imannosyi core staactae," feen fee glycan comprises fee tzimamiiosyl 
core structure wife additional sugars attached thereto. 

30 The tern "elemental trimasnnosyl core gtycopeptide* is used herein to refer to a 

glycopeptide having glycan strnctares comprised primarily of an elemental trimannosyl core . 
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stractae. Hawe^ ft my also opto As 

prefened, starting material for flue glycan mnodelkg processes of the kveniion. 

Another optimal starting material for the glycan remodeling process of the invention 
5 jsaj^ycmstnHJtaehav^ additional GlcNAc 

residues are addled to each of the ©1,3 and the ©1,6 mannosesesidiaes (see ifor example, the 
sjroctare on ^ second Kne of KgTO 

stmctaeisreife^ Optionally, this stractae may also 

contamacorefi&c»semoleaiite. QsniceflieMan3QcN^ 
10 ispossMensingtte 

on the glycopqjtide which confess on fine ^ycopeptide one or more properties thaft chances 
file therapeutic dferitiveaiess of the peptide. 

In fineir native fonn, fine N-Mnhed g^ycop^tides of the invention, and paitacdariy fine 
mammalian and human glyoqpeptides nseM in the present invention, areN-linked 

15 -glycosylated^ 

TRse toms "gfycop<^tide w and 6& gIycopolyp^tide w are used synonymously herein to 

refer to pqptid© dusks having sogssr moieties attached thereto. No distinction is made h^dn 

to difltaas^ fcam large glycopolypeptides or 

^yjjopqptfite. Titos, tannn^ 
20 (e. g^ often as fc^ three mmm acids) m& o&sr mmh iMge? peptides anns inctoded in the 

gsoe&l tenns "glyc^lyp^tide" and '^popeptide/' provided they have sugar moieties 

siitedbu&dl(!&^n^. However, the Bse of tihe tem ^qptid© 59 doss not pimc W© fa* p^tide fern 

b®ng s ^3RsojP^ide» 

Am ©MH^k of an WbtaA $y©op€^de having desired glycosjtoion is a pqprftid© 
25 MvinganN-Mnbed glycsnhs^g&t^^ one GIcNAcresictae 

atocteite^o. IMs iresidtae is added to the trimaonosyl come njskg N-aicdyi 

$uoosaminytansferase I (GnT-I). If a'second GlcNAc reste 

^ucosamin^ltrans&ase H (GnT-EI) is tosedL Optionally, additional GlcNAc residnesmaybe 
added with GnT-W and/or GnT-V, and a thM bisecting GlcNAc reside maybe attached to 
30 file pi,4 mmmss of the trimannosyl core using N-acetyl gjncosaminyltransfoase HI (GnT- 
M). Optionally, this stractae may be extended by treatment wfth pi,4 galactosyltransferase 
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to add a galactose imdte ™d even furthear optiomffly, rasing 

cz23 or (i^ s 6-sifi^taasfeass tsaxsymss, sialic add residues may be added to each galactose 
residue. TheaddiMonofabisecti^ 

addition of galactose and sialic acid residues; however, with respect to to substrate affinity 
5 of the rat and human OnT-XH enzymes, the presence of one or more of to galactose residues 
on the gjycan precludes the addition of the bisecting GlcNAc in that the galactoso-conta&oing 
giycan k mot a so&strate Thus, in instances whore the presenceof 

Ihe bisecting GlcNAc is desked and these jfamas of QnT-M are mo±> it is important staald 
to glycm contain added galactose and/or sialic residues, that they are removed prior to to 
10 addition of to bisecting GScNAc* Otortfb^of GnT-^ 
of substrates for their activity. 

Exanq>les of giycan steuctaes which represent to various aspects of peptides having 
"desirai glycosyMcrf* sure shown in to drawings provided herein. TSiiepm^pirocedaiires 
for to m vitro generation of a p^de having "desired g^ycosylation" are described 
15 'dlsewh©retordn. However, to invention shoMdks^ 

to my one giycan staictere disclosed hsrdn. Kate, toinvrntion^iddbeconstmedto 
wdxde any and all giycan stetaes which cm be made rang to metodology provided 

M some cases, an ^anrntMi itmrnmrns^ ©or© atom© may constitute to desfoed 
20 $ywsyMtm of a peptide For<ssa^ 

Smm to be involved in Ganch<sr>s disease (Misfey dt d* 1966, Lan©s£ 348: 1555-1559; 
Bijstebcsdi dt aL, 1996, Brar. J. Bioctennu 237344-349) . 

A©Dcarding to to preset invsation, to Mowing procedures iSwr to ^tais&H^on of 

25 a) Begtainig wish a glycq^tide having one or moms giycan molecules which tave 

es a common ifeaftum a tei^^ 
orhomogeneoi^mixtaeofone 

proportion of glycop^tides having an elemental trimannosyi core structnre as to sole giycan 
sJnsctiTOorwM<^haveMan3Gl^ TMs is accomplished 

30 vitro by to systematic addition to to giycopeptide of an appropriate mnmber of enzymes in 
an appropriate sequence which cleave to heteogeneous or homogeneous mixta© of sugars 
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cniilhegllycmstracte trimanno^coroorMffi^^ 
siractarew Specific examples of km Ms is accomplished wfll dqjad on a variety of fectao 
jBclwlinginlar^ 

degree of complexity of Hie glycaa stractae(s) present on the peptide initially produced by 
5 thecell Examples of how a complex glycaa stmctur© can be reduced to melem^ 

feim^osyicoreoraMai^ . 
elsewhere h^ean. 

b) lis possible to generate a peptide having asm eleaneastal trimannosyl cops stenctae 
as flue sole $ycan sfcractae m the peptide by isolating a nateally occamring cell whose 
10 ^ycosylatioamachte BNA encoding a peptide off ^ ' 

teamrfectod into the ceH 

the peptide of choice has an elemental trimannosyl coire strartraie as the sole glycaa stractae 
fliOT. For example, a cell lading a fimcticoal GaT-I enzyme will produce several types off 
^ycopeptides. M some instances, these will be glycopeptides having no additional sugars 
15 attached to the tri]^ However, in other instances, tihe peptides produced may 

Is^i^oaMtionalmLann^ 
gjycm TMsisalsoadeskedsfcarta^ 

mvCTSMKDL Specific exaanples off the generation of snach giycan stractees aire described 

20 o) jytematively^ 

specific giycosyiation mrfmsry that a peptide having m eleame&iM fcrimamosyi corns or 

MaaaflGScN^ DNA 
©ttocdkg a^tide of didc© 

25 ^lymscOT^ri^ For<5om^Kc®r(!am 
types of cells flu* sro ©aa^caly engrossed to lack GaaT-J, may prodtac© agflycanhavii^ 
demeotai trimannosyi core stractoe, or, depending on flie cell, may produce a giycan having 
a trimamosj^ core ptos two additional mamio^ When the 

cell prodnces a Maa5 glycan stractae, flue cell may be fete genetically engineered to 

30 express mannosidase 3 which cleaves off the two additional mannose residues to generate the 
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trfmannosyloaro. Alternatively, teMk^ 
masnosidas© 3 to have fine same effect 

d) lis readily absent itat^ 
flte cells produce only peptides having elemental trimannosyl core or Man3GlcNAc4 

5 structures attached thereto. Rather, unless the cells described in b) and c) produce peptides 
having 1 00% elemental faimannosyl com structures (Le., having no additional sugars attached 
theaeto) or 100% of Man3GlcNAc4 stractares, tihe cells in feet produce a heterogeneous 
mixture of peptides having, in comfoinafeni,, elemental trimannosyl cose stractaes, car 
Man3GkNAc4 structures, as the ^ 

10 additional sugars atedhsd&isreto. Thcpropoitim 

Man3GicNAc4 structure having additional sugars attached thereto, as opposed to tlhose 
having one sJmctaKe^wffl vary The coEapksity 

of the glyc&ns (Le. which and how many segsas az© attached to the traiaxmosyi coxe) wfll also 
vary depending on the cell which produce tel. 

j5 e } Qjn^ a ^yoopqjtide having mdem 

with one or two GSciNAc residues attached thereto is produced by following a), b) or c) 
above* according to the piresent invrfon, additional sugar nnoleodes are added m vitro to She 
toiimanmos^ core stactae to gsaerate a pqptide having desired ^yDOsyktion (Le^ a peptide 
having an m vi&r® m$MMZ@& Myosin strutitaire). 

20 f) Howev^j, whsa it is tfflne case that a peptide having an elemental Mmannosyl core 

orManSGlc^ 

produced, tfa it is o^nec^ 

gjycmsteto Ite^fijr^in 
some cases, a peptide hawnig a gUycssa stodtro having a fc riima« osyl mw gfcructae wMn 

25 addition sug^arf^^ 

TfanMm of an dmmisM ftriroannos yl com gtwopea^de 
The elemental iriniiamaosyi cose or Man3 GlcNAc4 glycopeptides of the invention may 
be isolated and purified, if necessary, using techniques wel Jknown in tike art of peptide 
purification. Siirit^letechuiq^ 
30 techniques, ultrafiltration tedsniquesandiiielilte- Using any such techniques, a composition 
of the invention can be prepared in which the glycopeptides of the invention are isolated from 
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other peptides and fix>mofoercon^ The 
degree off purification can be, for example, 90% with respect to other peptides or 95%, or 
evm higher, e-g., 98% See, e.g., Beutscher et aL («L, 1990, Guide to Peptide Purification, 
Harcourt Brace Jovanovicb, San Diego). 
5 Hie heterogeneity of N-linked glycans present in foe glyccpeptides produced by foe 

prior art mefoodology generally only permits foe isolation of a small portion of foe target 
glyccpeptides which can bemodified to produce desired glyccpeptides. JnfoepiesenS 
methods, large quantities of elemental trimannosyl core glycopeptides and ofoer desired 
glyccpeptides, including Man3GlcNAc4 glycans, can be produced which can then be fiarfoer 
10 modified to generate large quantities of peptides having desired glycosylafion. 

Specific enrichment of any particular type off glycan bound to a peptide maybe 
accomplished using lectins which have an affinity for foe desired gycrn. Such techniques 
are well known in foe art of glycobiology. 

A bey feature of foe invention which is described in more detail below, is that once a 
15 core glycan structure is generated on any peptide, foe glycan struck 

vitro to generate a peptide having desired gtycosyMon that has improved foerapeutic use in a 
masmnaL Theniamrna! may be any typeoff suitable mannnaljffiMisprefe^lyahEmam. 

lie various scenarios and foe precise mefoodsandcomposMomifer generating 
peptides wiflh desired glyccsyMon wil become evident ffiomm foe disclosaiHe which Mows, 

mat foe peptides should comprise glycan structures foat feeing 

topsBiticbe^fitoffoepeftide. As disclosed foroughout foe preset specMcstion, peptides 
. pe<a^ m cdllsnraybetea^ 

deavage off sugars ihatahomMm^ 
25 should be present on fo© glycan si^ 

saritobfefafoerspeuficusemm Ihe generation off different gly^^ 

• ofpeptides in cells is described above. A variety of mechanisms &r foe generatiom of 

peptides having desired glycosylation is now described, where foe starting material Le., foe 

peptide produced by a cell may differ fiom one cell type to anofoer. As wffl become apparent 
30 from foe present disclosure, it is not necessary foat foe startmg material be unifiranw^ 

respect to its glycan composition. However, it is preferable that foe starting material be 
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enriched fixr certain gjycoformskc^ 
glycosylated peptides are produced. 

In a prefaced emfeodimCTt according to the present tavoaiSioB^ Sue degmdstiosi and 
synthesis events that result in a peptide having desiml glyeosyMon involve at some point, 
5 the generation of an elemental trixnaxmosyl core structure or a Man3GlcNAc4 structure on the 
peptide. 

. The present invention also provides means of adding one or more selected glycosyi 
residues to a peptide, ate which a modified sugar is conjugated to at least one of the selected 
glycosyi residnes of the peptide. The preseM mabodmeii is wsofi&k &r example, when it is 
1 0 desired to conjugate the modified sugar to a selected glycosyi residue tot is either not 

present on a pq>tide or is not present m Ttos, prior to coaling a modified 

sugar to a peptide, the selected glycosyi residue is conjugated to the peptide by enzymatic or 
chemical conning. In another emltediment,te 

prior to the conjugation of the modified sugar by the removal of a carbohydrate residue ffioxn 

15 the peptide. See for example WO 98/31826. 

Addition or removal of any carbohydrate moieties present on the peptide is 
eccon^KAed dltar chemically or eazysnatically. Chemical deglycosyWion is preferably 
brougjbt about by exposure of the peptide variant to the consponmid trifiBormndhan^MMic 
md,or«e!pib^^ This treatment results in the cleavage of most or aEsugsera 

20 except the lib^^ 

p^tid© intact Chemical deglycosyfation is described by HaMmnddin efr a!, 1987, Arch. 
BioctaL Biophys* 259: 52 and by Edge dt aL, 1981. Anal Bioctan. 118: 131. Enzymatic 
cleavage of casbohydirate monies on peptide variants can be achieved by the hb§© of a variety 
of enudb- and eso-^lywmdases as described by Itotstara eft ai, 1987, MeSk EmzymoL 138: 

25 350. 

Chemical addition of glycosyi moieties is carried out by any art-wcoginiizedmeiMjd. 
Bazynwitic addMon of sugar maieiSes is prefer 

methods set forth herein, substituting native glycosyi units for the modified sugars used in the 
inveaition. Other methods of adding sugar moieties are disclosed in U.S. Patent No. 
30 5,876,980, 6,030,815, 5,728,554, said 5,922^77. 
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Ifeemplary attachmraxt poinfls tfbr selected glycosyi residue inclnde, bust asre mot limited 
to: (a) sites for N- and O^ycosyMom; (b) tamrind glycosyl moM^ that are acceptors for a 
^ycos^traaisfease; (c) arginine, asparagine smdhistidine; (d) fie© carboxyl gromps; (e) free 
sulfhydryl groups such as those of cysteine; (£) ftee hydroxyl groups such as those of serine, 

5 threonine, or hydroxyproline; (g) aromatic residues such as those of phenylalanine, tyrosine, 
or tryptophan; or (h)the amide groii^ of gteiamine. Exemplary methods ofuseim the present 
invention are described in WO 87/05330 published Sep. 1 1, 1987, and in ApKn amid Wristra, 
CRCTtiL Rev. BiccheariL, pp. 259-306 (1981). 

Dealing ^>ecii5cally with fixe e&amples shown in several of fine jigrcres provided 

10 herein, a description of the seqorace of m vs&sro <sazymatiic reactions for fine pmodndtaon of 
desired gfycan stractees on peptides is mow presented. The precis© reaction condMcms for 
each of the ©izymaiic conversions disclosed bellow are well known to those skilled in the art 
ofglyeobiology and are thsefoffe not repeated tosrs. For a review of the reaction conditions 
for these types of reactions, see Sadler efc aL, 1982, Methods in Enzymology 83:458-514 and 

15 refemc^dt^th^rdn. 

la Figore 2 thse is shown the stactar© of an elemental trimannosyl core glycan on 
flue leftside. It is possible to convert this stactae to a connplefce glycssi stmctare having a 
Hsecfeag GlcNAc by iECoAaftng fine demenfcal trimannosyl core stactae in the presence of 
OnT-I, Mowed by GnT-UL ssmd fimrte iSblowed by GaT-HI, and a ragsnr donor corapdsmg 

20 UBF-Qlci^ 

g^g^lTO ftp g^mi^ $ fr^<mm7Mrayfl hflivmg & bisecting GlcNAc. 

In Figure 4 th&ns is sfeown the oonvisnsion of a bisecting GlcNAc containing 

triiinsamosyS coins gjtycsini to a ©imp fa gllyc&n stactae comprising gsfectos© N-scefcyl 

nOTamMcasid* TfiheWssca^ 

25 wfflagsiladoss^t^^ 

w& added to the peripteral GlcNAc iresidmies on flu© molecrile. Hhe razym© NctAo- 
traasferase is theaiasedto add two NeaAc residues one to each of Si® galactose residues. 

In Figure 5 the^ is show 
elemental trimanncsyi cor© giycasu The high maanose glycan (Man9) is incubated 

30 sequentially in the presence of the mamiosidase 1 to generate a Man5 stractae and then in 
the presence of mannosidase 3, wherein all but three maxmose residues are removed fiom the 
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glycan. Altaiafcively, incubation of the Mm9 siractere xnay be trimmed back to to 
trimasmo syl cog® structure solely by incubation in the presence off maannogiidase 3> According 
to the schexnes presented in Figures 2 said 4 above, coOTeraion of this elemental tbrimanBosyl 
core glycan to a complex glycan molecrfe is thou possible. 

5 In Figure 6 there is shown a typical complex N-linked glycan structure produced in ■ 

plant cells. It is important to note that when plant cells are deficient in GmT-I enzymatic 
activity, xylose and focose cannot be added to the glycan. Thus, the use of GnT-I knock-out 
cells provides a particular advantage in the presort invasion in that these cells produce 
peptides having an elemental tirimranosy! core onto which additional sugars can be added 

10 without psrffcraaing any '^kranisig badkf reactions. Similarity* in instances wite© the 

structure produced in a plant cell may be off the Msm5 variety off glycan, iff GnT-I is absent in 
these cells, xylose and fucose cannot be added to the stractoro. In this case, the Man5 
steucture may be trimmed bask to an demental trmmniosyfl core (Man3) using snaamosidase 
3. Accoiding to tike methods provided herein, it is now possMe to add desired 

15 'tol&etriniiffliQnosylcoreto gene^ a desnedglycan structure. 

In Figure 7 there is shown a typical complex N-linkedglyca^ 
insectcdlls. As is evident, additional snsgsss, msdk as, for example, iSflcosemay also be 
psressot Fismthsr although mot shown h©ns, insect cells may podBC© high mmmiose glycms 
having as many as urine nswmcs© residtaes and May have additional sisg^s attached thereto. ft 

20 fa alsote case in insect 

sesiduestotheglycsn. Thms, piodudion of a peptide in insect cells is preferably 
wom^M^ in a <GmT-I knock out celi IhegJycmthusp^^ 
back m wKm iff mecessasry imsinganyofftihemdS^ 
ad$Mom^ 

25 hsrdn. 

In Figure 3 there is shown glycan structures in various stages of comopMon. 
Specifically, the m vitro enzymatic generation of an efanental trimannosyi core structure 
from a complex casbohydrate glycan structure which does not contain a bisecting GlcNAc 
residue is shown. Also shown is the gen^tica of a glycan stmctare theirefeom which 
30 contains a bisecting GlcNAc. Several inSsmediate f glycan structures ^ch can be pnwto^ 
areshown. These statures cm b^ 
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triEOTuogfo^ Su^moMesmay ba sddedfe vi&o to the 

etansst&l trimsnmosyi coins stractans, or to say suitable intamediat© stactae m ©rfe that a 

desired glycaa is prodniceriL 

InFigoire 8 there is shown a series of possible m vitro reactions which cm be 
5 pearfomed to trim bade and add onto For 

exaa^le, aMaxn9 glycaa maybe trimmed using maamosidase 11 to generate a MmS glycaB, or 

it may be trimmed to a tlrimaxmosyl com using mmBosidase 3 or one or more microbial 

maancddases. GnT-I and or GmT-II may then be nsM to transfer additional GkNAc residues 

onto the giyoan. Further, there is 8^ 
10 motaal© is produced inn a eel that does m& h&ro GmT-I (see shaded box). For example, 

focose and xylose may be added to aglycan only wheal GnT-I is active andiBwaKtates the 

transfer of a GlcNAc to the molecule. 

Figure 9 depots well fatow strategies for the synthesis of biantemaxy, toiasiteinasy 

and gvr m f^xntpzmmy glyram sfeuctees beginning with the tricaannosyi core sfarracfaHe. 
15 -According to the nneHbods of the invention, it is possible to synthesize each of toe structures 

m vitro using the appropriate eaazymnes and reaction conditions well Emowm in the art of 

glycobiology. ( 

la Figure 1 0 there is shown a scheme ffbr the synthesis of yet more complex 

cssabAytate ForCTaraple.ascteme 
• 20 fert&efe vs&w podidfioa of Lewis s and ILswis a asufiigsDi strac&si^ whidh mniay or may mot 

besMytetedlisshowa, Suchstructi^ 

5mnMBtto^^ fa 

adaMo^srt 

Ityp^ofsaro^ 

25 MgKflse 11 is am esisnnplary scheane flbr preparing an array of O-linbedl potato 

origanaSsBg with ssrinnie or taeonine. 

Figure 12 is a sraies of diagrams depictir&g the four types off O-lin&ed giycaa structure 

tanned cores 1 through 4. The core structure is outlined m dotted lines. Sugare which may 

alsobeifccti^^ 
30 and fucose residues added to the GlcNAc residues. 
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wbichis aS&adied am elemental Mma™osy! com or a Mm3G£cNAc4 stacta^ OTBtec&ig&e 
gfycopcptide with ^ easzyme aaid a damior moletade havisag a giycosyl 

5 moiety rate coacMoas suitable to tesfe £h© gfycosyi moieiy to 4fo© gjlycqpqrtide. 

CrastomizafioE of a teimmmosyl ©oro j^lycqp^pSM© or Mka3GMMAo4 glyoq^SM© to psodtec© 
apqrtidbfoavj^ 

addition of desired sngas- moM^ mmg tedmiquM well taowsa mt&ssjt 
IMemmafen of Olwm Primary Stectore 

may compose a heteoganeoiiss smistac© of glycsn stoctones wMdhi most b© flsdirod to a 
common generally eteme&M ttiriim g m 0 syi ©mr© or Maa3 GteNA©4 stactar^, pd« to addkg 
ote BttgscrmoMes ttoeto. loi cstte to d^termm© essyssftHy ^rfhi A simgaars stonsldl fe© s^nnio v©d 
fflom my piaster gflycaa stacta©, id is some&mes necessanry &M A© primary gjycm 

k ^ asft aM am described 
BiosyEnJtesis of Qycopeptides" Ik Polysacdumdes m MedidBsl AppKca&om, pp. 273-327, 
19%,Ed!s.§<sra listlhe^ 

gMied imtdheasftof gSy^biokgy to isofa© a pcpaMom of p^pliifa podtoced toy a osfl sari 
20 deteE^^ Fm gggpmp% ^d^m^Smdls are 

svaiabte fer®tSne ^iffi&g of gftysoddk bounds eMter by ctoaiiKBl cleavage gondii as 
hytolj^ acetolysk, hytosmjlysfiSs or by miwm i&ommm&m; (H) coinngpllete aB3i^%M(DanL 
Mowed by Snydtolj» or niffi^ab^ffisn)B5^5s asri by gses*pid dainaeBatogss^y md mm 
qped&DSWJpy of ffin© pnrtWIy mAyMM mmmmodmM^; w£ QH) Hfce disfisiMm of smmmc 
25 Jiafag^beJw^ 

pmairy^ysmsto^^ ]kpairMOTMr p fee tedhtSDiiqTai^ of mass 

^©ctosopy ssad amoleair magBB^ac fflescaaaace (NMR) Eptsdmsn&fcy, espedaffly Mgihi field 
NMRhaTObeasoec©ssfiii% 

Kite asri ©pipmisitf far osbohydmte analysis aire also oiMmeraaly available. 
30 FtocaBpSiom Agisted Carbohydrate m©itophoinesis (FACE®) is available fiom Gfyko, Inc. 
(Novato,CA). lfiaFACBaiMSysis,g^^ 
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BodoHorN-glycanaseCPNGaseF) for N-Knkedglycaris, or hydrazine foSamff 
gjycans. The glycan is mm labeled at the ie^ 

discriminating maimer. The fluorophore labeled grycans are thai separated in 
polyacrylamide gels based onme charge/mass ratio of me saccharide as well as me 
5 hydrodynanric volume. Images are taken ofme gel under UVUght and ^composition of 
me grycans are determined by me migratitm distance as co^ 

OHgosaccharides canbe sequenced in this maimer by analyzing migration shifts due to the 
sequential removal of saccharides by exoghycosidase digestion. 
Exemplary embodiment 

10 The remodeling of N-bnked glycosylate is best illustrated with reference to Formula 

1: 

Man — (X 3 )a 

<f>d / 
| — AA — GlcNAc— GlcNAc— Man — (X 4 )t 



\ 



Man— (X 5 ^ 

where X 3 , X 4 , X 3 , X 6 , X 7 and X 17 are Cma^pendentiy selected) monosaccharide or 

oligosa ccharide residues; and 
15 a, b,c,d,e and x ate Cmdependenfly selected) 0, lor 2, wimnw proviso tiiat at least 

onemembersdectedfroma,b,c,d,eandxarelor2. 

Formula 1 describes glycan struck 
preferably covalentiy hnked to an asparagine residue on a peptide b^ 
20 expression systems will express and secrete exogenous peptides with N-linked glycans 

coinpiismgthetri<nanno^ Using the remodeling method of the invention, the glycan 
structures on these peptides can be ^ 

Exemplary reaction conditions are found throughout the examples and in the titerature. 
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In preferred embodiments, the glycan structures are remodeled so that the structure 
described in Fonnula 1 has specific determinates. The structure of the glycan can be chosen 
to enhance the biological activity of the peptide, give the peptide a new biological activity, 
remove the biological activity of peptide, or better approximate the grycosylation partem of 
5 die native peptide, among others. 

In the first preferred embodiment, the peptide N-linked glycans are remodeled to 
better approximate the grycosylation pattern of native human proteins, te this embodiment, 
the glycan structure described in Formula 1 is remodeled to have the following moieties: 

X 3 and X 5 = |-GlcNAc-Gal-SA; 
10 aandc = l; 

d-Oorl; 

b,eandx = 0. 

This embo diment is particularly advantageous for human peptides expressed in heterologous 
cellular expression systems. By renradeling the N-linked glycan structures to this 
15 configuration, the peptide can be made less immunogenic in a human patient, and/or more 

stable, among others. 

In the second preferred embodiment, the peptide N-linked glycans are remodeled to 
have a bisecting GlcNAc residue on the tri-mannosyl core m this embodiment, the glycan 
structure described in Formula 1 is remodeled to have the following moieties: 
20 X 3 and X 5 are |-dcNAc-Gal-SA; 

aandc= 1; 

tfisGkNAc; 

b=l; 

d=0or 1; 
25 eandx=0. 

This embodiment is particularly advantageous for recombinant antibody molecules expressed 
in heterologous cellular systems. When the antibody molecule includes a Fc-mediated 
cellular cytotoxicity, it is known that the presence of bisected oligosaccharides linked foe Fc 
domain dramatically increased antibody-dependent cellular cytotoxicity. 
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In a third preferred embodiment, 4e peptide N-linked glycans are remodeled to have 
a ©abated Lewis X moiety. In this embodiment, the glyc^ 
1 is remodeled to have the Mowing moieties : 



Fuc 



X 3 andX 5 are < GlcNAc Gal— SA > 

a, c,d=l; 

b, eandx=0; 
X^fiicose. 

10 This embodiment is partiailariy^^ 

intended to be targeted to selectin molecules and cells exhibiting the same. 

In a fourth preferred embodiment, the peptide N-linked glycans are remodeled to have 
a conjugated moiety. The aaqugated moiety may be a PEG molecule, another pqrtide, a 
small molecule such as a drug, among others. In this embodiment, the glycan structure 
IS described in Formula 1 is remodeled to have the following moieties: 
X 3 andX 5 are |-dcNAc-Gal-SA-R; 
aandc =1 or 2; 
d=0or 1; 
b,d,eandx=0; 
20 where R = conjugate group. 

The conjugated moiety may be a PEG molecule, another peptide, a small molecule such as a 
drug, among others. This embodiment therefore is 

molecules that will slow die clearance of the peptide from the patient's bloodstream, to 
peptides that will target both peptides to a specific tissue or cell, or to another peptide of 

25 complementary therapeutic use. 

K will be clear to one of skill in the art that the invention is not limited to the preferred 
glycan molecules described above. The preferred embodiments are only a few of themany 
useful glycan molecules that can be made by the remodeling method of the invention. Those 
skilled in tiie art will know how to design other useful glycans. 

30 hi the first exemplary embodiments, the peptide is expressed in a CHO (Chinese 

hamster ovarian cell line) according to methods well known in the art. When a peptide with 
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N-linked glycan consensus sites is expressed and secreted from CHO cells, the N-linked 
gtycanswffl have the stnictu^ WhtteaU of these structures 

may be present, by far the most common structures are the two at the right side. In the terms 

of Formula 1, 
5 X 3 and X 5 are |^NAc-Gal-(SA); 

aandc = 1; 
b,d,eandx = 0. 

Therefore, in one exemplary embodiment, the N-linked glycans of peptides expressed in 
CHO cells are remodeled to the preferred humanized glycan by contacting the peptides with a 

1 0 glycosyltransferase Oat is specific for a galactose acceptor molecule and a sialic acid donor 
molecule. This process is illustrated in En another exenq>lary 

embodiment, the N-linked glycans of a peptide expressed and secreted from CHO cells are 
remodeled to be the preferred PEGylated structures. The peptide is first contacted with a 
glycosidase specific for sialic add to remove the terminal S A moiety, and then contacted 

15 with a glycosyltransferase specific for a galactose acceptor moiety and an sialic arid acceptor 
moiety, in the presence of PEG- sialic acid-micleotide donor molecules. Optionally, the 
peptide may then be contacted with a glycosyltransferase specific for a galactose acceptor 
moiety and an sialic acid acceptor moiety, in the presence of sialic acid^incleotide donor 
molecules to ensure complete the SA capping of all of the glycan molecules. 

20 la other exemplaiy embodiment 

9 cell line, according to methods well known in the art When a peptide with N-linked glycan 
consensus sites is eaqxressed and secreted fi^ 

have the structures depicted in top row of Figure 7. In the terms of Formula 1: 
X 3 andX 5 arehGlcNAc; 
25 aandc=0orl; 
b=0; 

X 6 is&cose, 
d=0, 1 or 2; and 
eandx=0. 

30 The trimannose core is present in the vast majority of the N-linked glycans made by insect 
cells, and sometimes an antennary GlcNAc and/or fucose residue(s) are also present In one 
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®mm$hxy mfoodmmdt, (be N-Mssdl gjlycans of a pqptid© expressed md secreted torn insect 
cdls is reanodleled to tShe prefcnM hmoLmizM giycssn by first coxifectkg fine glysaios wi& a 
glycosidase specific to fecos© molecules, &m contacting the glycans with a 
giyco syitransf erases specific to &e mannose acceptor molecmle on each asntamary of the 

S tlrimamose core, a GlcNAc donor molecule in the presence of niiicleotid©-C3IcNAc Molecules; 
iJ^contacili^ " 
miolecuiep a Gal donor molecule in tihe piresCTC© of iaocl©otide<M molecules; md fihm 
contacting the glycans with a ^ycosyitransfease ^©cific to a galactose acceptor molecule, a 
sialic acid donor molecule in the presence of nucleo£ide-SA molecules. One of drill m fine art. 

1 0 will appreciate that fine focos© molecules, if my, cm be mnoved at any time during the 
procedure. In another eagmplagy eanbodfammi; fee humanized gflycaa of the previous 
emx^te is remodeled father to the sMykted Lewis X glycaai by costofeg fie $yzm 
fltah®r wiffin a gJyrosj^taEsfa^ specific to a GlcNAc acceptor molecule, a tftocose donor 
molecule in fixe presence of nncleotide-fsEcose molecules. This process is illustrated 

15 '10 and femnple3. 

Ik yet other exeempfay embodmmSs, the peptide is expressed in yeast, such as 
&Mx$mromyazs cerewsiaiz» acoasding to mefcods weH keaowm in the sort Whsi a peptide wMbi 
N-linfod gllycan consensus sites is exprassed and seanstod fiom & cerevisme cells, 1&©W- 
IMrfgl^^ Bn©N4is3ik©d glycans 

20 will always have fine farimmnosyl conns, which will often be elaborated with mamose or 
related polysaccharides of to 1000 residues. In tine terns of Formula 1: 
X^dX 5 ^ 5 ^- 1 ^ 

to^esndx^O. 

25 la cane exeeiplary embodiment, the N4ink©d gSycams of apeptide expressed and secreted 
ftom yeast cells are insnmodeEed to tfine dtsmenital toamannose core by &st contac&fcg the 
glycans with a gly cosidase specific to <e2 mannose molecules, then contacting the glycans 
with a glycosidase specific to <e6 mamnose molecules. TMspmcessisiUustratedinFigure5 
aadBxample6. Inmo&^esCT^laryCTibodm 

30 ranodeled to make a glyean suitable for an recombinant antibody with FcHmediated cellular 
toxicity function by contacting the elemental flrimannose core glycans with a 
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temajDiMJse cams, a GlcNAc dkmor molecnle in tSh© presents of n^l©o>1tid©-OcNAc molecctes; 

molecule in the middle of the faimaanose core, a GlcNAc donor molecule in Hhe presence of 
5 nuc!eotid&-QcMA£ molecules; fibm contesting toe gjycans wi& a ^ycosyiteasferase 

specific to a GlcNAc acceptor jmolecrale, a Gal donor molecsale in fine presence of imcleotidb- 
Gal mioleaoles; and Act contacting the gjycans wiflu a gSycosyitaisfeese specific to a 
galactose acceptor moleoilep a sialic acid donor molecrile in fine piresrace of OTicleotiide-SA 
molecule. TMs process is ffimtstated in Figures 2? 3 m& 4. 
50 M sootbsr exCTBpfary CTLtedm^iiis) ft© peptide is expressed iinbacteM cells, 5m 

p&rfealar-SL cofi cells, according to mefcods well taown in fine art Wten a peptii d© wi& N- 
Kakcd glycsas coasmsiuis site is expressed in «K ooH ceOs, the N-Wked consensnss sites will 
rat be glycosylate! IBa an t^CTsplary e&nilrodimea]^ &hmmmm& glycmmolesale is TbiaiK oust 
from tUiie peptide backbone by con&cting &e peptide** with a glycosyltrmsfease specific for a 
15 N-linked conseaisas site and a GlcNAc donor molecnle in the presence of micleotide- 
GfesMA^md&cte 

specific fiiar fho acceptor and dbiw moMes in tfo© present of &© ireqrihred donor moie&y rati! 
tedeskedgjycmste^^ Whsm a peptid© witSht N-linked glyc&ms is 

20 psptid© to fn© golgi appMata&j, ft© unatans peptide is Sifely not to fee glycosylated. IntMscase 
as well flue peptide may be given N-Hntod glycosylate toy braiding omit ffiran file peptide N- 

When a protein is Asmicaly modified wi^Jx a sisgar 
m^i^y 9 it can betaiKt omit as ssSos&siisns&osisiSL 

TTfiKSse esasnplss are mept to iUta^iraile &© MvCT&ioifls md not to limit it Qneof skill 
25 in tte sart will appreciate flhiaft tghe siqps tataa. in each example may in somae cirOTnstsnces be 
. abfetobepGrfcsn^ One of sM in flie art will 

prcfkeed lemodeled glyc&a is by mo xnsams specific to flhse expression systan that tie peptide 
is expressed in. The ranodeled glycans are only illustrative and one of sMll in ft© art wfll 
30 ham? how to take tSue principles fern t&ese examples and apply tiiem to peptides produced in 
. dififereot expression systems to make glycans not specifically described herein. 
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B. Mefcnd to ramofl fll mfrnfa ad gtTOSms 

0-#ycosyMon is dhsracteiz©d by ifae stoctamesit of a vsdety of momos&cdh^rides in 
m O-gtycasidic linkage to hydroxy amino adds. Q-$ycosyIaftion is a widespread post- 
5 feanslational modification MteaaimdaM plant ksngdoans. The stractarsl complexity of 
gSycms O-Knfced to prateimis vastly exceeds fiiat of N4ioked gUycms. Seme or teeonine 
lesidmes off amewly translated peptide become modified by wta© of spqptidyi GaWAc 
taosfease k Hfoe ds to tasas otmpsstoorSs of She GolgL Tfik© site of G-glycosytotiOTL is 

10 <qpig©m©&c F©gMs£iom mediated by comjp^Moai b^tw©®& diiBferrat siibstait© site m& 
comp^itioBL wMi other glycosyiltaisfeases irespomisibl© for foimrmg fin© glycaa. 

Th©G4inkedgly©mfa 
baj&boin© iregioinL and flue pedptersl iregicM. Tfih© "core" region of m ©-linked giycaa is fin© 
imea-mostt^oortbreesagarsoffte The backbone 

15 region mmAy contribiffites to flu© fengfin of the gtycm dm formed by uniform elongation. . 
Tteperipfaal region. edAits a degree of stractaal complexity. Hie structural 
complexity of the O-lmked gUycras bsgms wifin fin© cor© stmctae. la most cases, fine fest 
ganger iresidsn© added at fine O-ffintod glycan consensu site is GsalNAc; however nine smgssr nmay 
also be OldNAiSs, gtax^inn^^ 

20 off sosnn© offfia© torn O-loked gUycsan ©ore stoctet^ wd fin© CTzymes responsible ifortSndr 
kwo synifcesis- 

2n ^wminrfspni ©sis, at feast dgWt differ O-lntod ©ore stractaass are forad, all 
barfmaoo2©<&<MNAc The &m ©ore statares dqsk^ mFigms 12 are fin© 

inmost isRMStiMM* Core I md ©ore 2 are tSh© ipntogfc ^mdfenift stogftross M mmwm^m celllSy ami 

25 ooze 3 ^d ©or© 4 set© fowd in more restricted, oirg^-Aamteistic expression systems. ©- 
fieted giycans an© reviesred in Mmtxsm^ Stmctae and Synltaiis off Glyoipeptides, la 
Polysaccharides k Medicinal Applications, pp. 273-327, 1996, Eds. Severiaa PamMu, 
Maicel BeSkker, NY, ami in Sdiachter and BiocldMKnsen, The Biosynthesis off Branched O- 
liBked Glycans, 1989, Society for Expednieaital Biology, pp. 1*26 (Great Britain). 

30 MwiUbeappam^tfkraitlhepres^ 

glycosylated peptides cm be remodeled Bsing smilar teohoiquss to t&ose desmbed for N- 
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Miatedlglycsm. Q-$ycamdiilfefto 

to«ii€sifc Asdescdbedh^^ 
^ycmira3QodbSiH& hydxolytic eozymes can b© used to cleave rawmtei siuigar moieties in m 
Q-linked glycan and additional desired sugars can thai be added thereto, to build a 

5 customized O-glycan stenctaeonllhepepti 

line initial step in O^yeosyktion in mammalian cells is the attachment of N- 
acel^gj&lactosamine (GalNAc) mmg any of a femily of at least eleven toom <ErN- 
ace^galactosamin^^^ each of which has a restricted acceptor peptide specificity. 
Geeeira% fflie acceptor peptide recogoized by each enzyme constitutes a sequence of a* least 

10 to amfeo acids. Peptides tfihM comfism the miaio acid mpiesic© rax>gE)iz©d by prfralsir 
GdNAc^jaasto 

espr^siiagfc enzyme ssid if Hhey ssre appmpriatoly localized to to Golgi appazsto whese 
UDP-GaMAc is also pressmL ' 

However, in the case of recombinant proteins, the initial attachment of the GalNAc 
15 - may noft take place.' Ihe ©-N-a^^ 

^pressing cell may have a oots^ssto sequence specificity which differs fiom that of the 

irecnmshfert 

20 GtMMwoi^ mwtr®. ifc©Ga!I^n^^ 

once tte rnxmbmrni peptide has been recovered in a soluble form, by contacting the peptide 

wi&1!he«$p^ 

In on© ©nbod&Bsni^ son addrfiraaal eeqerac© of amino acids that constitote an effi&ctav© 
a^o^tefateansfe SindhimamiiM 
25 cascaded by a BNA sejpiJSiRC© fflss©d in fcsne to Sh© coding sequence of fcs pqptide, or 

alteoni^^ The peptide may be otherwise tedking 

^ycmdmns. Alternately, the peptide may have N- and/ or O-linked glycan chains hot 
mparts an additional gftycosylation site, for example, when an additional glycan substitaent is 
desired. 

30 jn an exemplary enri^^ 

nal^GaMAcacc^ ' a * 
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fusion protein is then expressed in £ coli and purified Hie peptide is then contacted with 
recombinant human GalNAc-transferases T3 or T6 in the presence of UDP-GalNAc to 
transfer a GalNAc residue onto the peptide in vitro. 

This glycan chain on the peptide may then be further elongated using the methods 

5 described in reference to the N-linked or Olinked glycans herein. Alternatively, the GalNAc 
transferase reaction can be earned out in the presence of UDP-GalNAc to which PEG is 
covalently substituted in the 03, 4, or 6 positions or the N-2 position. Glycoconjugation is 
described in detail elswhere herein. Any antigenicity introduced into die peptide by the new 
peptide sequence can be conveniently masked by PEGylation of the associated glycan. the 

10 acceptor site fusion technique can be wed to introduce not only a PEG moiety, but to 

introduce other glycan and non-glycan moieties, including, but not limited to, toxins, anti- 
infectives, cytotoxic agents, chelators for radionucleotides, and glycans with other 
functionalities, such as tissue targeting. 

IS Exemplary Tfrnhmti ments 

The remodeling of Olinked glycosylation is best illustrated with reference to Formula 

2: 

£ — AA — GalNAc — (Gal* — X 2 

(K 

Fonnula2 describes a glycan structure comprising a GalNAc which is covalently linked 
20 preferably to a serine or threonine residue on a peptide backbone. While this structure is used 
to illustrate the most common forms of Olinked glycans, it should not be construed to limit 
the invention solely to these Olinked glycans. Other forms of Olinked glycans are 
illustrated in Figure 11. Preferred expression systems useful in the present invention express 
and secrete exogenous peptides having Olinked glycans comprising the GalNAc residue. 
25 Using the remodeling methods of tile invention, the glycan structures on these peptides can 
be conveniently remodeled to generate any desired glycan structure. One of skill in the art 
will appreciate that Olinked glycans can be remodeled using the same principles, enzymes 
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and reaction conditions as those available in the art once aimed with die present disclosure. 
Exemplary reaction conditions are found throughout the Examples. 

In preferred embodiments, the glycan structures are remodeled so that the structure 
described in Formula 2 has specific moieties. The structure of the glycan may be chosen to 
5 enhance die biological activity of the peptide, confer upon the peptide a new biological 
activity, remove or alter a biological activity of peptide, or better approximate the 
glycosylation pattern of the native peptide, among others. 

In the first preferred embodiment, the peptide Olinked glycans are remodeled to 
better approximate the glycosylaiion pattern of native human proteins. In this embodiment, 
10 die glycan structure described in Formula 2 is remodeled to have the following moieties: 

X 2 is|-SA;orhSA-SA; 

fandn=0orl; 

X l0 isSA; 

m=0. 

15 This embodiment is particularly advantageous for human peptides expressed in heterologous 
cellular expression systems. By remodeling the Olinked glycan structures to have this 
configuration, the peptide can be rendered less immunogenic in a human patient and/ or more 
stable. 

In die another preferred embodiment, the peptide O-hnked glycans are remodeled to 
20 display a sialylated Lewis Xantigen. In tins embodiment, the glycan structure described in 
Formula 2 is remodeled to have the following moieties: 
X 2 ishSA; 

X 10 is Fuc or KHcNAcO?uc>Gal-SA; 
fandn=l; 
25 m=0. 

This embodiment is particularly advantageous when the peptide which is being remodeled is 
most effective when targeted to a selectin molecule and cells exhibiting the same. 

In a yet another preferred embodiment, the peptide Olinked glycans are remodeled to 
contain a conjugated moiety. The conjugated moiety may be a PEG molecule, another 
30 peptide, a small molecule such as a drug, among others. In this embodiment, the glycan 
structure described in Formula 2 is remodeled to have die following moieties : 
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X 2 isHSA-R; 
f=i; 

nandm-0; 

where R is the conjugate group. 
5 This embodiment is useful for conjugating the peptide to PEG molecules that will slow the 
clearance ofthe peptide from the patient's bloodstream, to peptides that will target bom 
peptides to a specific tissue or cell or to another peptide of complementary therapeutic use. 

It will be clear to one of skill in the art that the invention is not limited to the preferred 
glycan molecules described above. The preferred embodiments are only a few ofthe many 
10 useful glycan molecules mat can be made using the remodeling methods of the invention. 
Those skilled in the art will know how to design other useful glycans once armed with the 
present invention. 

In toe first exemplary embodiment, the peptide is expressed in a CHO (Chinese 
hamster cell line) according to methods well known in the art When a peptide with O-linked 
15 glycan consensus sites is expressed and secreted from CHO cells, the majority of the O- 
lmked glycans will often have the structure, in tbe terms of Formula 2, 
X 2 =|-SA; 
f=l; 

m and n = 0. 

20 Therefore, most ofthe glycans in CHO cells do not require lenwdelmgm order to be 

acceptable for use in a human patient hi an exemplary embodiment, the O-linked glycans of 
a peptide expressed and secreted from a CHO cell are remodeled to contain a siarylated 
Lewis X structure by contacting the glycans with a gjycosytoansffirase specific for the 
GahHAc acceptor moiety and the fucose donor moiety in the presence of nncleotide-fhcose. 
25 This process is illustrated on N-linked glycans in Figure 1 0 and Example 3 . 

In otber exemplary embcKhments, the peptide is expressed in insect cells such as sS 
according to methods well known in the art When a peptide having O-linked glycan 
consensus sites is expressed and secreted from most s© cells, the niajority^ 
glycans have the structure, m the terms of Formula 2: 
30 X 2 =H; 

f=0orl; 
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nmd2E = 0. 

See, for mfl^ MaacM et aL„ (2001, BioL QhsaxL 382:151-159). Ik am eramplffly 
embodbn&Bl, the ©4Moed glycan « a peptide expressed in m insect cell is remodeled to & 

S acceptor rnoteci^ 

ihm contacting &e glycaaas wifla a gjycosyitoasfoas© specific fte a Gal acceptor moleoul© 
md a SA dkmor unolecale in fla© pressac© of niiicleollidle-S A> Ik motlte exeaiopkry 
embedmrat, fl&e O-lirik&d gUycaaas are remodeled fteta* from fee tamaaized form to 
sialyiaied Lewis Xfosm by fi^^ 

10 fcir&CMNAc acceptor moleml© and a fecose dosMMrmoleOTl© falii© presesace of BEcleotide- 
focoee* 

Isa yeS: axiotta: eKCTXptary eniibodimesiJ, the peptide is expressed in fiaagal cells, m 
pardodfisr & cerevm&e cells,, acconfeug to mefcads well haowini in tSie Ml Wtau a peptide 
wilhO-liriked-g^^ cereviswe cells, tSue 

15 jmaj cri&y of &e Q^liriked giycams haw fee stractae: 

| - AA-Mm- Mmu2. 

See Gemmill and Trimble (1999, BiocSrim- Biaphys. AcSa 1426227-237). In order to 
remodel tShese 0-limked gUycams for Bse m bnman, it is preferable ttok tflke glycan be cleaved at 
scMlev^ 

20 In w esraiptay raitodfimCTt, tffin© giycan is tSh© O-lintod giycan cm a peptide 

espggged fa a jfrng^H ceD is ra^m«<aril to a ha nanizs d gllycam fey garmte&kg fee gfyegaa. 

wife m (sAglycosjtee specific for an amino add - GalNAc bond; andAaconl^^ 

gtycmwife&glyDa&y^ 

molecrie in (Stee pweatca offn^ 
25 gjycosytfcramferas© specific for a GaSNAc acceptor moleOTle and a galactose donor molecule 

in fee prese^c© of mcleotide^M; w& Am confiadtrng tbe glyems wifh a glycosyfaasfease 

specific for a Gal acceptor molecile and a S A dcsnor nsoleciale in fine presence off mcleotid©- 

SA. 

Altematdy, in aaofeer esLeanplary snbodimmt, $ae glycaa is flie O-lintoed gjycm com a 
30 peptide eiqpiressed in a fimgal cell and is remodeled to atamaaizedglycanby contacting the 
glycaa with an protein O-mannose ^^-N^ace^ (POMGnTT) in Uhe 
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presence of GkNAc-BDcleoltide; feen cxKntedtmg fe© glycan wife sm galactosj^i^^ in 
fee pjeseajc© of necleotide-Gal; md feea contracting fee glycan wife sn dM^tesisfoss in 
die presence of nmcl©otid©»SA. 

In mote exemplary embodiment, fee peptide is expressed in bacterial cells, in 
5 pm&cdmB. coli cells, according to imdkrfs well known in fee art When a peptide with an 
O-linked glycan conssasins site is expressed in J£ <oo>&" cdfflSj, fee Q-lixsked comoasias site wfll 
not be glycosytatodL In feis case, fee desired glycan moleOTle must be tailt out &om fee 
peptide bacM>one in a mamie^ 

Frcrfesr, whm. a peptide having an O-linked glycan is espressed in & erakaryotic cell without 
10 fee pinopsr leader s&punces to fee ujascCTt peptide to fee golga apparatus fee malte 
peptide is likely not to be glycosylated. Jh feis cas© as well, an Q-Kriked glycosyi stracta© 
may be added to fee p eptide by building cot fee gjycan directly fom fee peptide O-lntod 
oonsensHis site. Rxrfeer, wten apmtdnis di^cs%mcdffi©i wilSh a siiagar iinoiety, it cm 
also be mncdeied as described b^sm. 
15 These examples are meant to fflosteate fee invention, and not to limit it in any way. 

One of bMM in fee art will appreciate feat fee sftsp s tekm in each ex ample may in some 
circraistances be psrfenined in a dijgerait orfea: to adiieve fee same result Qaeof sJrilinfee 
art will also rastestaaiid feat a dijfeeat set of steps may also pirodnce fee same iresajMng 
glysaaL Ptnifesrp to preferai ramcdded glycan is by no rnesns specific to tte espires&ion 
20 system feat fee peptide is expressed in. Tike ranodeled gUycans arte only flteJs^aJlwe end one 
of sMl in fee cat wil know how to take fee principles foorn feese exansples aad apply ften to 
pqj^tepmdtocedm 

dfiSGKfllbsd bfeMalfiL 

25 C. CTtvoooori^ in esaagaal 

Tfes Mvtsmticn provide snoods of preparing a conjugate of a glycosylated or an 
imglyDOS3^atedpq$tide. The cospigates of fee invention axe fomed betw©sa peptides and 
diverse species such as water-soluble polymers, feerapesutic moieties, diagnostic moieties, 
targ^kg moieties aad fee like. Also provide! ar© conjugates feat incited© ttw© or moire 

30 peptides linked toge&^r ferongb a inker arm* £e. 9 mi&Mfenctional conjugates. Tfaeminiti- 
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fractional cospsgates of the iwration cm irotode two or mora copies of the same peptide or 
& coHectioE of divease peptides with different s&ractaes, and/or properties. 

Hie conjugates of the invention are formed by the mzymstic atedm^sS of a 
modffiedsug^ to tbe glycosylated or ungl^ The modified sugar, when 

S imtesposed be£w©m the peptide and She mcwlifymg group on the sugar b ecomes whaft is 
referred to hsnem as "an intact giycosyl linlring grouBp.** Using the exqmisite selectivity off 
eazymeSp such as glycosjdltmaisfesises, the present ime&od provides peptides that bear a 
desired grainy) at one or more specific locations. TFtas, according to the preset mverfoB* a 
modified sugar is attached directly to a selected locus on the peptide chain or 3 aftem^vely, 

10 She modified smigsr is app&Bdbd onto a carbohydrate moiety of a peptide. IPqptidss m r wMdk 
modified sugars are bound to both a peptide casbohyd^ste md dkectfy to 
residne of to peptide baddbone suns also wMm fine scope of tfhe preset mvoateoiDu 

Eh contest to faoowini dhemical sad emzymatic peptide elaboration strategies, fee 
meflnods of tihe invention snake it possible to assemble peptides and glycopeptides that have a 

15 ■ substantially homogeneous desivatiizafion pattern; the eanzymes issed in Hhe invention are 

generally selective for a particular amino acid residue or combination of amino acid residues 
©fthepsptida The me&hods are also practical for large-scale production of modified peptides 
md glycopeptides. Thus, the nud&ods of the invention provide a practical messos fa l®Eg©- 
scale preparation of peptides hmmg preselected si^stentiaMy iQteiifam dmvaifatioB patonas. 

20 He mdSmdfe asre particelariy mBl suited fa modification ofllhe^eutic peptides, iimctoding 
but not limited to, peptides tflaat am incompletely glycosylated dnsrang production im cell 
cultae ©ells (cLg: , mammaHm eels* Bisect cells, plant cells, fungal cells, yeast cells, or 
pinotaiiryotic cells]) ot t rans gsmic plants or animals. 

Use snrfhods of fee invOT&aon also provide conjugates of glycosylated sod. 

25 nm^yoosylated peptides witih increased theraperfc half-ltfe dune to, fa eKsmpfep reduced 

clesOTiBC© rate, w reduced rate of upflate by tine immune or rdScriooidoihellial system (RES). . 
Moreover, tih© mdhods of the invention provide a means fa masking antigenic determinants 
on peptides, ifcms reducing or eliminating a host immune response against the peptide. 
Selective attachment of targeting agrafis cm also be used to target a peptide to a particular 

30 tissue or eel siurfkse receptor fl^ Moreover, 
there is provided a class of peptides that are specifically modified mil a therapeutic moiety. 
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L The Conjugates 

In a first aspect flu© preset inve^ion provides aoosgugate btei a peptide and a 
selected moiety. The link betwem fee peptide^ fee selected moiety inclines an intact 
5 $ycosyl Wdng^ As discussed 

hesein, fee selected moi^ 

resulting in a Modified sugar" that is recognized by an appropriate transfeas© oizyxne, 
wMch appends the modified sugar onto feepeptide. Use saccharide coxnponmfc of flue 
modified sugar, when intaposed between fee peptide and a selected moiety, becomes an 
10 g %tact gflyposyl ftuMimg group.** Hie glycosyi linking group is fimned fom my mono- or 
oBgo-sacctoidb feat, atfte modification wife a selected moiety, is a substrate for an 
appropriate transferase. 

The conjugates of fee invention will typically correspond to feegenesal stactare: 




15 in wM.dk fee synnibols a, b, c, d and s represent a positive, non-zero integer md 4 is 

eitteQ or a positive integisr. lie "agenf is a fesa^s^c agesat, a bioactiv© agent, a 
detectable label, wate-soWbte innioiety or fee Ehe. Tto "agtsmf* cm bo a peptide, ©.g., 
(sszyme, antibody, antigso, eto. Tihslinfecanbeanyoff^ 

a^x. Altenatively, fee Kntemay be a single bond or a "mo ©inter Enter.* 9 The identity of 
20 fee peptide is wi^ Ifeempla^ peptides ax© provided in Mgws 1. 

En m mmspk^y (^bodrosnt, fee selected moiety is a water-so table polyanisr. Tb© 
mte-soMble polynEssr is ©ovafaffly attadaed to fee peptide via an intact glycosyi IMriing 
group. The glycosyl Knldng gproup is ©o vafeoftly attached to difesr an amino acid iresictoe or a 
gStyoosyl rmidnne off jpqp&Ss. Altenatively, fee glycosyl IMorrug group is atteched to on© 
25 or moire glycosy! units off a j^ysopeptid©. Tbe invention also provides conjugates in wMdh 
fee giycosyl linking group is attached to bofe an amino add residue and a giycosyl residue. 

In 'addition to providing conjugates feat are formed ferougb an euzynoaticafly added 
intact glycosyl Wring group, fee preset invration provides conjugates feat are highly 
foomogeaaous in fedr smibstitotion patterns. Using feemefeods of fee invention, it is possible 
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to hmx peptide conjugates in which essentially all of flue modified sugasr moietJes across a 
population of conjugates of the Mvention Me attached to multiple copies of si stoctaraSly 
ickantical emiBO acid or glycosyl iresicke. Thus, in a second aspect fine invention provides a 
peptide conjugate having a population of water-soluble polymer moieties, which as© 

5 covdently bound to flaep^ Isiaprefexed 
conjugate of the invention, essesitMly each meaute of flue population is bound via As. 
glycosyl H^mMimg gjroup to a glycosy! sesidtae of the peptide, and each glycosyl EesidHJie of flue 
peptide to which the gjycosyi linking group is attached has flhe sasae stocta©. 

Also provided is a peptide conjugate having a population of water-soluble polymer 

10 Huoidies covalraffly bound thereto tSrougfo an intact glyoosy! ImMng graop. Ihaprefeml 
embodfan&nit, essentlMty every mCTibar of the population of water soluble polymer nmoidfies 
is bound to an amino acid residue of the peptide via an intact glycosyl linking group, and 
each srniwm add iresidue havinig an intact giycosyl Wring group attached, thezeto has the same 
strac&ure. 

15 llhe pres^ imra^om also provider 

which flu© peptide is conjugated to a therapeutic moiety, diagnostic moiety, targeting moiety, 
toin moiety or the Kke via an intact glycosyl Mdng group. Each of fee above-x-ecited 
moieties cm be a small molecule* nataal polymer (e.g. s peptide) or synthetic polynaear. 

la an ©a^mptey ©jinilbodims^ inmtrfeuIsin-2 (EL-2) is conjugated to toanslfenain. via a 

20 MflranctiQirf 

moiety (Sdacane 1). Foreoni^le*oneteaminusoffl]^ 

Msct sialic acid Moki^ iShsiS: is satec3hi©dL to 4rrsHisfecdm ®S3id UJbt© ofih^ is !Elmc^oiasH2S©d wilfei sum 
int^Ga!MA©ffinte 

In snotter ^emjptay HP© is conjugated to tesmsfenrsiuu Imanother 

25 eaQBn^to^ embody 

(GDNE). ia these embodime^ each cenjugaition is accomplished via a MfimctioBal linker 
ffiat includes an intact glycosyl felamg group sit eachtemfaus of the PBG moiety, as 
aforementioned. Tirssnsfemn tansfers the protein across 1!he Mood terainbanri^. 

As set forth m flue Figraes appended heseto, the conjugates of the invention can 

30 include intact gjycosyi Wring gi^^ aatesmary 

structures), see, Figures 13-21. The conjugates of the invmtion also include glycosyl linking 
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3h on© embodiment, the kvenfica provides amAd fer IMdmg two or more pqptidss 
faOTgfei a IMring graugp. The IMdng gpm$> k o^mywsMs&mdmQ mdmay be selected 
fcom sfeai^it-ctain and branched cMn stactasSo Preferably, each temiimss of the IM&sr, 
which is attached to a peptide* inchades a modified sugar (Le., a nascent intact glycosyi 
5 tinting groop). 

In sas exemplary me&od of the inventicm, two peptides szs linked togdter vis a fata 
moldy that includes a PEG linker. The construct conforms to the geaieaal staictae set tfforih 
in the cartoon above. As described heran, the constact of the invention mcludes two intact 
glycosyi iwilHBg groups (Le, s + 1 = 1). The focus on a PEG Maker that includes two glycosyi 

HO ggoraps is far purposes of ctority and should mot be infepreted as ImMmg the identity of Mnte 
arms of use in this onbodimOTt of (She imv^sMouL 

Tims, a PBG moiety is ftanctiomSized at a first tamimas with a ffcst glycosyi limit and 
at a second texninus with a second gUyoosyl w&L The first md second glycosyi units ssre 
preferably substrates for differed transferases, allowing orthogonal attachment of the first 

15 ■ md second peptides to the first and second glycosyl mite, respectively. la practice, the 
(glycosyl) ^PEG^glycosyi) 2 linte is contacted with the first peptide and a first transfer© 
for ^Mdk the first glyoosyl mat is a substrate^ fc^rdby forming 
(jpepaid©) B ^y^^ Ite first transferase and/OT 

©ptiOT^Emovedfomte TfesecoMpqptideandas^^ 

20 for wMA the second glyceryl msSSL is a substrate as© added to the 
(pqpfc^^ farming 
(pe^de) l -(gty©^ Tfto^ofs&iiin^ 
test tte mnis&od outlined abov© is also sppMcable to firaniing onsgmgato betwesm moss® than 
two peptides by, far example^ the use of a biranchsd PEG, digodrimsr, poty(amino acid), 

25 pol^tcdimdeortheH^ 

esen^plary ©inbodimisnit, intedeuMint-2 (KL-2) is conjugated 

totransferinviaab^ 

terminusofthe PEG moiety (Scheme 1). Hie E^2 conjugate has mmvivo half-life that is 
incseased over that of IL-2 alone by virtue of the greato molecular size of tike conjugate. 
30 Moi^ow, the conjugation of EL-2 to transform selves to selectively target the conjugate to 
thebrain. Forexample, one tem^^ 
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acid and the other is functionalized with an UDP-GalNAc. The linker is combined with IL-2 
in fixe presence of a GalNAc transferase, resulting in the attachment of the GalNAc of the 
linker arm to a serine and/or threonine residue on the IL-2. 

In another exemplary embodiment, transferrin is conjugated to a nucleic acid for use 
5 in gene therapy. 



10 



15 



Scheme 1 



staHdase 




!• sialylteBn sft tasc 

O^P-SA-PEG^klNAc-UDP 
2. GalNAc transferase 

IL-2 



S~*s. I j — Gal— SArPBW3aINAt>JL-2 

' [ ^ — Gal — SA-PEG^BaiNAo-IL-2 

The processes described above can be carried through as many cycles as desired, and 
is not limited to fomring a conjugate between two peptides with a single linker. Moreover, 
those of doll in the art will appreciate that the reactions functicmalrang the intact glycosyi 
linking groups at the tennini of the PEG (or other) linker with the pepti de can occur 
simultaneously in fee same reaction vessel, or they can be carried out in a step-wise fashion. 
When the reactions are carried out in a step-wise manna; the conjugate produced at each step 
is optionally purified from one or more reaction components (e.g., enzymes, peptides). 

A still further exemplary embodiment is set forth in Scheme 2. Scheme 2 shows a 
method of preparing a conjugate that targets a selected proton, e.g., EPO, to bone and 
increases the circulatory half-life of the selected protein. 
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Scheme 2 




The use of reactive derivatives of PEG (or other linkers) to attach one or more peptide 
moieties to me tinker is within the scope of flie present inventioiL The invention is not 

5 limited by the identity of the reactive PEG analogue. Many activated derivatives of 

polyethylene glycol) are available commercially and in the literature. It is well within the 
abilities of one of skill to choose, and synthesize if necessary, an appropriate activated PEG 
derivative wfth which to prepare a substaaeuseiMm the presenting See, Abuchowski 
et al Cancer Biochem. Biophys^ 7: 175-186 (1984); Abuchowski et al, J. Biol. Chan., 252: 

10 3582-3586(1977); Jackson etal, Anal Biochem^ 165: 114-127 (1987);Koideef o£, 

Biochem Biophys. Res. Commun., 111: 659-667 (1983)), tresylate (Nilsson et al, Methods 
Enzymol, 104: 56-69 (1984); Delgado et aL, Biotechnol AppL Biochem., 12: 1 19-128 

(1990) ); N-hydroxysuccinimide derived active esters (Buckmann et aL, MakromoL Chan., 
182: 1379-1384 (1981); Joppichetai. MakromoL Chenu, 180: 1381-1384 (1979); 

15 Abuchowski etaL, Cancer Biochem. Biophys^ 7: 175-186 (1984); Katreez aL Pro* Natl 
Acad. Sd U.SA^ 84: 1487-1491 (1987); Kitamura et at, Cancer Res., 51: 4310-4315 

(1991) ; Boccu et aL, Z Naturforsch., 38C: 94-99 (1983), carbonates (Zalipsky et aL, 
Poly(bthylhne glycol) Chemistry: Biotbchnical and Biomedical Applications, 
Hams, Bi, Plenum Press, New York, 1992, pp. 347-370; Zahpsky et al, Biotechnol AppL 

20 Biochem., 15: 100-114 (1992); Veronese etal,Appl Biochem. Biotech., 11: 141-152 

(1985)), irrridazoiyl formates (Beauchamp et al, Anal Biochem., 131: 25-33 (1983); Berger 
et al, Blood, 71: 1641-1647 (1988)), 4-ditmopyridines (Woghiren et al, Bioconjugate 
Chem n 4: 314-318 (1993)),isc<jvanates^yan^fll,ii&4f0 Jbi0Tia/,M649-M-653 (1992)) 
and epoxides (US. Pat No. 4,806,595, issued to Noishiki et oi, .(1989). Other linking groups 

25 inchideuaeur^oane linkage between a^ See, Veronese, e/oi, 

AppL Biochem. Biotechnol., 11: 141-152 (1985). 
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In another exemplary embodiment in which a reactive PEG derivative is utilized, the 
invention provides a method for extending the blood-circulation half-life of a selected 
peptide, in essence targeting the peptide to die blood pool, by conjugating the peptide to a 
synthetic or natural potymer of a size sufficient to retard the filtration of the protein by the 
5 glomerulus (e.g., albumin). This embodiment of the invention is illustrated in Scheme 3 in 
which erythropoietin (EPO) is conjugated to albumin via a PEG linker using a combination of 
chemical and enzymatic modification. 
Scheme 3 




10 Thus, as shown in Scheme 3, an amino acid residue of albumin is modified with a 

reactive PEG derivative, such as X-PEG<CMP-siafic acid), in which X is an activating group 
(&g^ active ester, isothiocyanate, etc). The PEG derivative and EPO are combined and 
contacted with a transferase for which CMP-siahc acid is a substrate. In a further illustrative 
embodiment, an e-amine of lysine is reacted with the N-hydroxysuccinhnide ester of the 

IS PEG-linker to form the albumin conjugate. The CMP-sialic acid of the linker is 

enzymatically conjugated to an ap pr o pr iate residue on EPO, e. g., Gal, thereby forming the 
conj ugate Those of skill will appreciate that the above-described method is not limited to the 
reaction partners set forth. Moreover, the method can be practiced to form conjugates that 
include more than two protein moieties by, for example, utilizing a branched linker having 

20 more than two termini. 

2. Modified Sugars 

Modified glycosyi donor species ("modified sugars") are preferably selected from 
modified sugar nucleotides, activated modified sugars and modified sugars that are simple 

•149- 



i 



ffCT/D5«2»22tf3 



sascdimdeslto^nd&OT Aay desired casbo^^ 

bs&dMtoapq3>ti^ Typcally p tffia© sfimtera^^feea 

moBosacctarids, but fine present feweaitioa is not -limited to fine rase of modified 
monosaccharide sugars; oHgosacdiarides and polysacclharides are usefcl as wdl. 

5 The modifying groins is attached to a sugar moiety by enzynna&c means, chemical 

means or a combination te^^ The sogass ar© 

substituted at my position Ufaat allows for flie attachnn eat of ffae modifying moiety, yet which 
stiM allows &e sugar to Sanction as a substrate for tbe razyme rased to Hgatte fine modified 
sugar to flue peptide. In aprefeored embodim^xt, when sialic add is fla© OTgar, &e sialic add 

10 isrts(fita]rtedwi& 

tine 5-posMon 0m flue amine moiety that is normally ace&yiated 5m sialic add. 

la ostein embodiments of tike present invration, a modified s^gmr micleotidb is 
utilized to addtfin© modified sixgartolSiiepqptide. Bs^x^lsiry snEgssr inmslleo^id^s tdhM asr© xcnsedl 
in the preset invention in their modified form include nucleotide mono-, di-or triphosphates 

15 .©r analogs ttoeof In&j^f&raiembodim^fhemo^ 

femaUOP-^ycosid^ Bven more preferably, fine 

modified sugar nucleotide is selected from an UBP-galactose, lUDP-^kdtossmme^ UBP- ■ 
glucose, troP-gitocosamms, GDP-maamose, GBP-fucose, CMP-dalic acid, or CMP-NeuAc. 
. N^cdlytomm 

. The kvegmfiofli also provides me&ods for syimtlhesii zmg a modified pqptMe uasmg a 
modified sugssr, e.g^ modified-galactose, -feoose, and -sialic scidL Whm a modified sialic 
acid is ttossd, ei&sr a sialyltiOTiisiferasB off a taBS-siaEdase (for cz234ihnted sialic sod only) can 
be used im ina^feods. 

25 in otter ©rfradimeziills, flue modified sogar is an activated snagajr. Activated modified 

sugars, ^Mdk as© nnsefWl m tfites preseaat jkiveaxfem ar© typically glycosides -whack have toesni 
synteicslly altered to imchde m activated leaving gpOTp. As used tensnn,, the tern 
"activated leaving group" mefers to flhose moieties, wHA are easily displaced in enzyme- 
regulated xmcleophilic substitution ructions. Many activated sugars are Iknown in the art 

30 See, for example, Vocadlo et aL, In Cairbohydratb CH^ismY and Biology, VoL 2, Ernst 
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<zt al EdL, WEey-VCE Veriag: Wdrihom, Gemany, 2000; Kodanaa <s? at, Tetmhe&nm Ls&. . 
34: 6419 (1993); I^ugNsed, e£ a£, J. Oka 274: 37717 (1999)), 

Examples of activating groups (leaving groups) inclfade fhnoro, chloro, brano, 
iosylateeste, mesylate ester, triflate ester and the Ike. Fsefisased activated leaving groups, 

S for use in the present invention, are those that do not significantly sterically eacmrite* fine 
enzyo^c transit of the glycoside to the acceptor. Accoxdingly, preferred eantedime-Ms of 
activated glycoside derivatives include glycosyl fluorides and glycosyl mesylates, with 
glycosyl flrorides bdng particularly prefenrel Among the glycosyl fluorides, a-gakctosyl 
fluoride, cs-mannosyl fluoride, a-$ucosyi fluscrid^ a-ffiacosyi fluoride, «x-xyiosyi fluoride, or 

10 sialyl flraori^ 

galactosyl fluoride, pHmaxmosyl fluoride, P-gjlucosyl fluoride^ fJ-ffiacosyl fflwrnde, (f$-sylosyll 
fluoride, p-sialyl fluoride, p-N^cd^ghM5osamm^ fluoride and ^N-acdtylgakctosamm^l 

By way of illustration, glycosyl fluorides can be prepared from the flee sugar by first 
15 acetylating the sugar aMfli^ treating it with HF^yridine. This generate the 

thennodyBamically most stable mosmz of the protected (acetyMed) glycosyl fluoride (£.#., 
the ©-giycosyi ffluacddle). If the less stable anomer (ie, the p-glycosyi flunorid©) is desired, it 
can be pmspared by converting fine pemcetyiatai sogar with EDBe/HOAc or with HQ to 
ggnaefsto the anojnnusric toranmMe or chloride, Thm intemediaSe is ireactod with a. ifflBaote srift 
20 such as sBlv(sr fiuiorid© to gemsrat© the glycosyl fflHorid©. Acetyfated gUycosyl fflrarides may 
be depmtocted by reaction with mild (catalytic) bass in methanol (j&g. NaQMe/MeQH). ia 
addition, many glycosyl ffaoridles sm comm^ciaBty available* 

Othsr activated gjycosyi derivatives can be prepared using ccssvCTtional imd&ods 
hiowmtothoseof sSdQll in the airt For eKsanple, glycosyl mesyfefcs can be pn^psrod by 
23 toeatarat of the fiatty benzylated heamiiaceaal finnm of the sugar with mesyl dbloride, Mowed 
by catalytic hydrog^nation to remove the bsiazyi groups. 

In a further eseanplaxy embodiment, the modified sugar is an oHgosaccharid© having 
an antemary structure. M aprefemi embodiment, one or mor© of the term i n i of the 
• antemaebear&emodiifyingmoi^y. When more than one modi^ 
30 an oligpsaccharide having an antoanmary stactae, the oligosaccharide is useful to "BmpMsT 
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the modifying maidy; each oHgosacdhimde unit conjugated to tine peptide atodhes multiple 
copies of tenmodi^iBg gra35p> to to peptide. The graeral stenctas of a typical dneM© of tfia© 
invention sis $s£ fbr& in fee drawing above, encompasses midtivaleaft species resulting Scum 
prepaAg a coagmgate of tifoe invention tutiMaang an anteanary stmctoe. Many anteonary 
5 saccharide stnw^ 
without limitation. 

EKCTpkry modifying groups sre discussed Mow. The modifying groups csm bs 
selected for on© or more desirable property. Exemplatyproperties includes butarenot 
HnEted to, wbmc^TphmmsoMn^s^ wbmc^phammcodymmk^ improved 
10 biodisflrilbrfcan, providing a polyvataik species, improved water sotabiHty, enhanced <rar 
dkninMied lipoplfficity, and ti^n© targeting. 

D. Peptide Canimgaftes 

a) Wste-Solubl© Polymers 

The SiydropMHcity of a selected peptide is enhanced by conjugation wifh polar 
15 molecules such as amine-, este-, fayfeogyl- and polybydros^-oontaini^ molecules. 
Repressjtative examples inctade, bust are not limited to 9 polylysme, polyetiiyie&eSmine, 
poly(efbyim6 glycol) and poly(piopylene^ycol). Erefemred water-soluble polymeas are 
essentially mion-ftaoiescCT^ or ©nit soda a TinimymaJ amorafc of fluoxescmce that tfoiey sm 
in^ppKqpscMs for bss as a ftaoinss©^ msirker m an assay. Polymers titot ar© in^ott nataslly 
20 occmramg ssingSH's msy b© tlbs©iL la addition, tSae rae of an ottewise MtoaHy ocaming SEgssr 
ftaS is imcdffi©dby covataft MsdmmA of anolte entity poUyCcflijteie glycol), 
poly(pKCf^(snie glycol), poly{aspa?Me), Momolecel<a» fijeopeutic moidty, diagnostic nnoieJy, 
<2#a) is ateo contemplated. In smother exemplary embodiiDnisffit, a tta^pOTtic gEgs^ioaoidiy is 
ocqBgsted to a Sinter so™ and tih© sugar-lister assn is snbssqBOT(ffly conjugated to a peptide 
25 via a inn^Snod of &© invration. 

Me&ods and ctaaistey Set activation of water-solnble polymers and saccharides as 
well as mdtoods for conjugating saccharides and polymers to various species are described in 
tbeliteatae. Commonly used m©&^ 

functional gmoups with cyanogen bromide, pmodate, gjnfiaralddiydep biepo:ri(fe3 s 
30 qncMoitobydrin, divinyisulfbne, carfeodiimide, sulfbnyl haKdes, tecMorofeiazine, etc (see, TL 
F. Taylor, (1991), Protein Immobiusatic^. Fundamentals and Applications, Marcel 
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CkossON&lNG, CRC Press, Bora Stefan; G. X BmmsmmeiaL, (1993), iMMOBinzro 
AraOTTY Lsgam) Teoemqubs, Academic Press, NX; Donna, RJL, eg aL , Eds. Polymeric 
■ Drugs AM>muoBELivmY Systems, ACS Symposiran Series VoL 469, American 
5 Chenical Society, Washington B.C. 1991). 

Route for pr^arang reactive PEG molecoles sod forming conjugates rashnig ft© 
reactive molecoles skdb lkmowm im tSue sal For example, U.S. Patent No. 5,672,662 discloses a 
water soluble and isolateble conjugate of an ©dive ester of a polymer acid selected firan 
linear or bramcbed polyfaBkyieni© oxides), pol^oxyetihylated polyols), poly(olefimic alcohols), 
1 0 sad pol^acryiomoiiptofcs), wtereiH flfe polymer lhas abont 44 or more reaming raits. 

U.S . Patent No. 6,376,604 sdls forth a meM for phasing a water-soWhle 1 - 
b^izotriazol^casimiato este of a wate-so W)le and non-peptidic polymer by ireacftkg a 
tenmimaB bydhroxyi of flue polymer wMa di(l-b©azotriarayll^^ im an organic solrast 
The active ester is used to fbnm conjugates wifit a biologically active agent srach as a protein 
15 .^peptide. 

WO 99/45 954 describes a conjugate comprising a biologically active agent and am 
activated wate soluble polymer comprising a polymer b&cMbome toving at Desist one teinaii™is 
inked to tihe polymer bacMwm© tfiroB^k a stable linkage, ^terdn at; least one temftnim 
comprises a teancM^ 

20 moflfely, iE wMdh Hike H ©logically &ctiv© ageait is fcW to at least on© offline proinmsl reactive 
groups. Ote branched poly(efliLyie^ glycols) are described im WO 96/21469, U.S. Paten* 
No* 5,932,462 describes a ©obligate feraisd with a brmched PBG moleoale tifaaft imc fades a 
bmiAsd'ft^^ Tfih© fees seactiv© groups ss© 

amiable Ho reset tiffin a Mologiiraffly active species, msk as a protean or peptide, Ifcramg 

25 cospogste teJwesa flbe poly^e&ylsni© glycol) ami tfibie biologically active species. UoS. Patent 
No. 5,446,090 describes a biftanctic^ PBG Inter and its nose im itaiig conjugates bsvinng a 
peptide at each of flue PEG lisitefimmixi 

Conjiagates that include degraidable PBG linkages are describe! in WO 99/34833; End 
WO 99/14259, as well as im U.S. Patent No. 6,348,558. Sudh degirad^ 

30 applicable in tbe pzesaat invention. 



-153- 



WO 03/0311464 PCWS02/32263 



' Althoiragh both reactive PEG dmvatives and conjugates fbmaed rasing th© derivatives 
baowM in the art, until fee prtesmt Mve&tioB* it was mot mzopmgd tihsft a conpgsdl© «H 
be foinied torn PEG (or ©thea- polymer) and saoto specif snidn as & peptide or 
glyoop^ptid©, through an inftact glycosyi linking groiop. 
5 Many water-so table polymers are known to those of skill in the art and are msefM in 

practicing the present kvention. Thetemwater-soltoblepol^ 

as saccharides (e»g., desctae, aamylose, hyalouronic add, poly(sialic add), heparans, heparins, 
eto.); poly (amino adds); nucleic adds; synthetic polymers (e.g., poly(a*ay]Iic add), 
poly(dhe38), e.g., poly(elhylene glycol); peptides, proteins, and the like. The present 

1 0 mveaifcbn may be practiced with any water-soluble polymear with the sole limitation that the 
polymer miast include a point a£ which the nmito of Sue oanpsg^&e can be attached. 

Methods for activation of polymers can also be fonsnd in WO 94/17039, HJ.S. Pat No. 
5^24,844, WO 94/18247, WO 94/04193, U.S. Pat No. 5,219,564, U.S. Pat No. 5,122,614, 
WO 90/13540, U.S. Pat No. 5,281,698, and more WO 93/15189, and for coiqugsition 

15 ,toetwe©i activated polymers and peptides, e.g. Coagulation Factor VHK (WO 94/15625), 
hemoglobin (WO 94/09027), osygea canrying molecule (U.S. Pat No. 4,412,989), 
ribanoclease and supemside dismixtase (Veronese at aL, App. Biochem. Biotech. 11: 141-45 
(1985)). 

Prateed wsfe-eoWbl© polymers sore those in which si substantial proportion of the 
20 polymer molecules in a sample of the poUymsr are of approsimately the same molecular 
weigtot; sandh polymer sm *lmmMmpG£§®r 

The preset invenifion is further iltostasted by reference to & poly(ethyfeie glycol) 
ooH^uagate. Sevsral ireviews and mos^ogiraplfais on the fonctionallissstion and conjugation of PEG 
as© available. See, for (sssanqpl©, Efems, Mrawi G&asa. Pkys. OS: 325-373 (1985); . 
25 Scouto, Methods m Etymology U3S: 30-65 (1987); Wong <s£ aL 9 Enzyme Mcrob. Tedmol 
14: 866-874 (1992); Bdtg&dfo etaL 9 Qritica! Meviews m Ifm^msticDmg Carrier Systems S>: 
249-304 (1992); Zalipsky, BiocoegMgate Chem. 6: 150-165 (1995); and Bhacfca, <s* 
Pharmazie, §75-29 (2002). 

Polyethylene glycol) molecules suitable for us© in the invention include, bust are not 
30 limited to, (hose described by the following Formula 3: 



-154- 



WO 03/031464 PCT/US02/32263 



Formula 3. 

X 

FT 



/ v ^(OCH 2 CH 2 ) n ^ x ^(CH 2 ) m — 



R= H, alkyi, benzyl, aryl, acetal, OHO, H2N-CH2CH2-, HS-CH2CH2-, 

Y 

5 (^2) q ^ ,-sugaHiucleotide»protdii,meaiyl,eai^; ■ 

X, Y, W, U independently selected) = O, S, NH, N-R'; 

R* , R m independently selected) - alkyi, benzyl, aryl, alkyi aryl, pyridyL, substituted aryl, 
arylalky], acylaryl; 
n = 1 to 2000; 
10 m,q,p (independently selected) =0 to 20 
o=0 to 20; 

Z - HO, NH 2 , halogen, S-R"', activated esters, 

Y Y 

— (CrH^^V . (CH 2 ) P /U \ (CH2) ^^ V ^ 

-sugar-nucleotide, protein, imidazole* HOBT, tetrazole, halide; and 
15 V = HO, NH2, halogen, S-R m , activated esters, activated amides, -sugar-nucleotide* protein. 

In preftaxed embodiments, the polyethylene glycol) molecule is selected firom the 
following: 
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Me-(0CH 2 CH 2 ) n -O V(( ^S n ^2 

O 

O 

Me-{OCH 2 CH2) n -0 Nv ^k z 



Me^OCHjiCHz^-O 



Me-KOCHaCHaJh-S-Z 



Me-(OCH2CH2)h-W-Z 
H 



Me^OCHzCHzJh-O^Z 

B 
O 



H 

Me^OCHjCHaXi — N 




H O 

Me-iOCHzCHa),, .N 



Me^OCHgCH^X, HN 

H 
O 




Hie polyethylene glycol) useful in framing the conjugate of the invention is either linear or 
branched. Branched polyethylene glycol) molecules suitable for use in the invention 
include, but are not limited to, those described by the following Formula: 
Formula 4: 

R-W^JOC^-X^ 
R'-A^(OCH 2 CH 2 ) p ^ /, N^Z 

R', R", R"' (independently selected) =H, alkyi, benzyl, aryl, acetal, OHO, H2N-CH2CH2-, 
HS-CH 2 CH 2 - > -iCH 2 \CY-Z y -sugar-nucleotide, protein, methyl, ethyl, heteroaryl, 
acyialkyl, acylaryi, acylalkyiaryl; 

X.Y, W, A, B (independently selected) = O, S, NH, N-R', (CEfe)i; 
10. n, p independently selected) = 1 to 2(X)0; 

m, q, o (independently selected) = 0 to 20; 

Z = HO, NH 2 , halogen, S-R m , activated esters, 



T 

i 



mar >h : 



Y 



-sugar-nucleotide, protein; 
IS V -HO, NH 2 , halogen, S-R m , activated esters, activated amides, 
-sugar-nucleotide, protein. 
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peptides cm also foe ©cfasM>©d with wster-soWble polymers mdk w j^ly^Jhytai© glycol 
(PEG) fiomd polypmopyi^iie glycol (PPG). For example, eternal modfficsi&ion of jrotems wife 
PEG (PBGyMcan) increases their moleccite size aod decreases their surface- m& ftactiioral 
5 grorap-accessibil^ 

jmrtdisL TMs inmdtts m m impro v&m^ 

a decrease in sanimmogCTicity said hepaSic Bptsfee (Chafifes <s£&LJ. CSm. BmssL 89: 1643- 

1651 (1992); PysSak <s* aL -to. Cb^m Cfes. Pa&ol Pharmacol 29: 1 13-127 (1980)). 

PBGyte&oii of isted©raM3ni-2 hm foesa nepoirted to kesrease its saititomor potency m vivo (Katee 
10 as* csL Pmc Na& Acad So. USA 84: 1487-1491 (1987)) sod PEGytetai off a F(ab p )2 dedved 

from Hhe moBocloral aMibodly A7 has improved fts tomes' localizator (EteBunra <stf 

Biocfom. Biopk®. Res. Commm. 28: 1387-1394 (1990)). . 

M ®m prefenred earibodka^ Ghe m wro talf-Mfe of a pqptM© (dteivsfizsdl wffia. a 

waste-sokublepolymorlby ameflhod of the invention is increased relevant to the vim Mf- 
15. ' life of fihe Eomniariwtod peptide. In ara>th^ preferred eanfocdimQnfc, iSh© ayes umfaHtoe 

owe of a peptide derivafeed with a watar-soMble polymer roskg smdW of tffius inveiation 

is mcare&ssd irelevmlt to flh© srea muter Hhe cusrve of the wm-*&wvMnz©& pepfiad©. la sanolSmsr 

prfsoed ra^^ 

polym^TOsnsg ainni(^S3^ of tShe iswration is ksreased relevssiii to t8h© irssidl^D^D© t&ni© of tShe 
20 EOT-^sdwSazsdp^plfid©. T©dhnriiip©& to ddtemake fflh© fe ww tolf-ffii&s, tos sores raMte Iffine 

cmvean^lSte^ Descriptions of rash tedmqmi^ cssa 

be found k J.G. Wagpsr, 1993^ iP&mmffiooMiiieaacs fear the Ptaimac^c&l Sdeaafis^ 

TerihniMraas© IP^IMmiig Onanngpsjoiyp ffiniiR. Lam5ais(hsrPA. 

Tfes kjs^s© M]pqptidb fe wro Srff-ffiife is foesft expressed m &mage of psrcgQifi 
25 iraaneasektMsdi^^ The low(sr w& of tlh© mugs of p®rc<£at isMseas© is Aomdt 40%, afeorafc 

60%, about 80%, $fo®v& 100%, Ami 150% or akrcift 200%. The Tspp^ <sM of {hemiigeis 

abonafc 60%p stot 80%, abort 100%, aboM 150%, or more titoa aboBJ 250%. 

la asi exemplary ranbodimot, the preset kvMfton provides a PBGylated follicle 

gftrninlgtmg hflmmn e (E xamp les 9 gonad 10), fa a fartihtsr eggsnnplasy (SmljtnxdKmnigni^, tihe mventtiom 

30 provides aPBGyiated tamfedn (Example 13). 
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Oflhesr e&ea^lajry water-sohM© polymsas of to© m Hie Mvenctoa kcluidb, bat sm w& 
limited to linear or teMdhi©d poly{a]lkytaie oxides), polj^osy^in^atedl polyols), poly(olbfimc 
alcohoIsX ssmJ pol^assrylomorphollke), dextaa, sftaxda, poly(ammo adds), ©to. 



S The conj nsgsto of &s invration may also inclnde one or mom watar-insolrible 

polymers. TMs (Kjobodhnflieo^ of A© mvration is ilfasflESftsd by &© ms© of the coffljiagate as a 
vehicle wMi wMch to deKvea* a ita^pexatic peptide in a condoled M g. Polymeric dtaag 
deKv^ry systems s^e fauown in Ifih© art. iSlse, for erannplej, BmmeiaL 9 Eds. POLYMERIC 
Drugs And Bmjg Deuvhry SYSimas, ACS Sympossxsm Series Vol. 46% Amdcm 
10 Ctanical Socaefty, Washington, B.C. 1991. Hhose off AM m flhe axt wffl sjjprecaafi© 

snnbsteMMy my blown drag deSwsry system is applicable to fee coqungste off fin© pi©s©nit 
invrafaa. 

3RqparesanM5 v© wste^asoUbk polypneas inctade, but as© not limited to, 
polypk^liazm©s 9 polyvinyl alcohols), polyamides, polycarbonates, polyalkylenes, 

15 . polyacayiMmdfis* polystflkyleai© glycols* polyaBkytae oxides, polyalkyien© ten^hflialstoSj, 
polyvinyl ©Stars, polyvinyl esters, polyvinyl Mides, polyvinyipynolMoaies, poly^ycolides, 
polysilomiss, polyiirfhianes, poly{me&^ me&acsyiato), poly(e&y! mdhacsylato), 
poly(biBfl3^ me&acacyfate), poly{isobraftyI mefihacayfate), polyPamyl mditecsyMe),, 
po!y$sod©^ ra^ polyPssiEyll mdSBaa^ato), politely! me^Moytato), 

20 poly{n^ 

myiate) polye&yieiae, polypopyleee, poly{efeyfeae glycol), poly{©flkylsnL© ©side), poly 
(e&yte&e tos^Mialato), polyvinyl aceaate), polyvinyl dMosMob polysSyngDi^, polyvinyl 
pysKolfitoiiflS^ ptanDHsifis andl poly^ioj^jh^iKijl asid copolymers tfihisreoffl 

^ygBj3h^^<Cg^1ly Tpn^rfcdt£<5<a3!l maiftmnreti] poUynaeirs of UBS© in COHp3gSte5 of tfih© BswsisMon imstal©, 
25 ksfcanrenoJ MM to, alkyi ceSMosss, IhiyitosyaSkj^ celltaloses, cefltalos© ©ates, celWbse 
estes, md Mtoooeliidos^. BratitaiB^^ 

synShe&cally modified nataal polymers kctade, budt as© not limited to, methyl celtaloss, 
e&yl ceWose, hydirosypjopyi cellulose, foydroxyprapyl me&yl celWbse, bydrosybu^ 



30 acetate phShalaie, casfeosynie&yi cellulose, cellulose triacetate* celMose snlfete sodium salt, 
and polymers of acsyiic and me&acsylic estes and algMc acid. 
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These asnd flh© otter polymers dfaiisssd ter©m can b© readily obtaked feom 
oossm^rcM soraces serih as Sigum Chranicd Co. (St Lots, MO.) s Polysdraces (WasraDta, 

* PA.)* Aldrich ^Sbranhb^ Wl), Ffafa (^Btojitasia, NY), aaad BioR&d (Rkhmoia^ CA), car 
else sysiihesized fommoiom^s obtained ferai these SMppMess mmg sSmdaxdtedmqrcs. 

S Representative biodegradable polymesrs of ns® m flhe conjugates of the invention 

mctode^ but sots not limited to p polylactides, polyglycolides and copolymers taeotf; 
polyethylene te^Mrfate), poly{tayric sod), poly(valeric add), poly{lac$id©-oo- 
caprokctae), jmly(!lK^d©-co-glyTOMde) s polya^ydrides, polyortfaoesfters, Meads sad 
copolymers flhisreof Gf pastiaiifa uas© se© compositions thsi form gels, mch ss feos© 
10 including colHag^ pltaonics sound t!h© like. 

The polymss of to© inn flue iwrafion inchade "hybrid 5 polymers that mctate water- 
insofaible materials having wMsM at least a portion of their sflractae, a bioresorbable 
molecrfe, An erasnr^ple off soch a polymer is on© tlhat includes a wato-iBSolnnble copolymer, 
. winch fas aMoiresoi&abfe megjiGn, a hydrophilic region and a plurality of crosslixiksBble 
15 fimdioBsl gmnps per polymer chain. 

For purpose of tffee present invCTfiion* Vator-imsohable materials** includes materials 
that are a^sfcrorifiially TbsdfaMe inn wste or wato-^somtad^ ^vir rnimneiflfrfi . Thus, affi&DUgh 
extern regions or segmeMs of in© copolymer may be hydraphilic or even wate-sohible, nine 
polymer moleOTle^ as a ^hole^ dtes imo& lb my s&absSmMal rnesOTr© dissolve inn w®te. 
20 Forponposes of Hhe pr©mnt mvraSio^ fflse tan irioKesoiibabl© molecrfe" kefafa & 

region lite is capable offeskg metabolized or teotea down and resorbed and/or ©MmMted 
tihrou^nsm^ Smzh mtstoboHte or bureak down prraitacfts w& 

pretobly sasbste^ 

The Moresoiribabfe iregjasa may be d&sr bydropWbic or hydropMlc, so long as the 
25 copolymer oosinposffioirii as a whole is mot jrtendeansd water-soluble. Ttais, the Moinssoirfbabll© 
segicn is selected based on in© prfsnsac© ihat tSh© polymer, as a whole, remains wte- 

• insoluble. Accordingly, ft© rotative properties,, £.«., the Mads of Emotional groups confined 
by, and the reMve proportioos of &e bior^oibable region and fee hydropMic iregioa asp© 
selected to esisure Hhat mseM bioresorbable compositions ramin wate-imsoluble, 

30 BsCTiplary resorbable polymers mctede, ifer example, symShe&cally produced 

nKozbableblodlc copolym^s of poly(a4iiydmxyHcarbosylic aci^poty(oryal^eae» (see, 
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Ccfa UoS. Pasted No. 4,826,945). Xte© copolym^ &r©iaot cirosslmlked md as® wsfe- 
soluble so titaft tShe body cm eJOTSi© tflhe degraded block copolymer ©geq^sMoxbs. <&gg s 
Yonmes <s? <<rf., JBiomed Mater. Res. 21: 1301-1316 (1987); and Goto <s? a/., JBiomsd 
Mater. Res. 22: 993-1009 (1988). 
5 Pffeseafly pr^eo^ bioresorbable polysia^s inctod© one or more compmecta selected 

fromn poly(esteas), polypiydsoxy adds), polyp^ctoxiues), poly{amides), poly(este-aonfflMss), 
poly (amino adds), poly(anhydrides), poly(or&oesteis), polycarbonates), 
polyphosphates), poly(phosplhoestes), poly{tMoestes), polysacdaarides w& mistoss 
ttaeof More preferably still, £to Mosiresorbable polymer inckdes a poly(hydroxy) add 

10 componesjlt Of fee polypiydrosy) adds, polykc&c add, polyglycofic add, polycaprok add, 
polybiiSyric add, polyvateic add and oopolymes and mfatares temsof are pnefennsd. 

In addition to jfomung feagmeafis that ase absorbed ste (^ior^oidb©dns> preferred 
polymeric coaSkgs for rose in Hheme&ods of flitee invrafion « also tfosm an <£K«2reteble and/or 
metabolizable feagmmt 

15 ' EBgJiiear order copolymers can also be used in the preset invention. For example, 
Casey e*a£,U.S. PstentNo. 4,438,253, wMchissroed on March 20, 1984, discloses -tdhUocfc 
copolymers produced Horn t&e tasns^teificslfion of poly(glycolc add) and snhydhroxyl- 
ended poly{a3Ilkyfa*e glycol). Swtih cosii^sitiions ara disclosed fores© as rmjsbsibl© 
mmofflsmsnilt santaes. Tfe© ffleriMl^f of wA coB^posatfions is coefcroled by Ufa® mDoaporallion 

20 of m stotm&c orSk^jrteBaft^ mjidh m ttdfr&-p-to!yl oA^toMte into copolymer 
stoctee. 

Qter ©oaftags based on lacfcic and/or glycoEc adds cm ato be mffized. Foreramptep 
Spisra, ILS. PataitNo. 5,202,413, ^Mdn isswied on April 13, 1993, discloses Mod^gradaMe 
mBM-blocfe cDjpoItyiiEisrs teeing seqajieniSifflly ordisnedfolocite of polytedide and/or 

25 ^ly^ymM&.pxoim&3L by ringnopCTing polymirazsfion of lacflide and/car gJycoMde rato 
atJhsr an ©Hgpmsric diol or si diamine irmdhne followed by dhaim extension wMn a di- 
foncfcional compound, swtih as, a diisocysnste, diacylclhloride or dichtaosilane. 

Bioiresoabable regions of coaiings nsefiil in Ifine preset invention can be designed to 
be hydrolytically and/or enzymafically cleavable. For purposes of Hfoe preset mveinr&on, 

30 Thydrolyti^ffly durable" mefes to Hhe siusceptMiiy of &e copolymer, especially &e 

bioresoibable megion, to hydrolysis in water or a wate^niainimg mwoomrat Similarly, 
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0 mzyMfaly cleavable" as nased heseaa refers to t&e s^sceptMfty of fine oopolynmisr, 
especially fine MoresoribaMe region, to cleavage by eadogesnmes <mr (ssogsaaons ®mzyme& 

Whea placed within the body, ine hydtepMSk iregioB oti b© fouto excrtsiable 

aad/or metabolizable Sragmeote. Ttas, As hydrophilic region can mctade, fear e£ample s 
5 polyethers, polyaBkyieme oxides, polyols, polyvinyl pym>MdM©) s polyvinyl alcohol), 
poly{alkyi oxazolines), polysaodharides, carbohydrate, peptides, protetos sand copolymers 
mdmk&roftOTof Ftarfhemo^ the hydropMlic Eegkraa cm also bs^ for example, a 
poly{alky}leae) oxide. Such poly{alkyi©nte) oxides cam mcU^ for example, poly(©fijyl®ie) 
oxide, poly(propylsnie) oxide ™d mixtaes said copolymers &sj©o£ 

10 PoUyunisns ffiaft ar© coraponiisiiite of hyihogsslls sh© also iB&sffiiil im th© pE^raS M^Mi&inu 

Hydxogels are polymeric mstokls tot sore capable of Asdbiaig mMvdy large qramiM^ of 
wate. Examples of hydtogel fomimg COTjpomds irndtade, bm£ am snot Imniifted to s polyasayic 
adds, sodium cs^symdfiiLylcdMos^ polyvinyl alcohol, polyvinyl pynoMdk©, gelafe^ 
carrageeassi and other polysaccharides, hydmxye&^eneme&acrylic acid (HEMA), as well as 

IS ■ derivatives teeo£ md She like. Hy&ogels cm be produced &a£ are stable, biodegradable 
ami bioresorbable. Moreover, hydrogel compositions, cam mcMd© sobraits flhai eidiibit oae or 
mow of tShese properties, 

BiQHDoe35pafiible hyrikogel coioqpositioBS whose mftegritty cm b© oostolled fcoB^h 
cfflos8Kiffll& 

20 For esMapk, BWbbdl <st al, UJS. Pstenfi Nos. 5,410,016, ^M<A wswsd m April 25, 1995 asud 
5,529,914, which issioed om Jums 25, 1996, disclose water-®oW>le systems, which see 
cmssKrited block copolymers finavmg a wate-rohsMe ©sntal block soggm^ sas^dwiAM 
befcweatooliydk^^ Srachoopol^ 
pkrftopoly^ Whs&cmrfM^ 

25 hydhrogek. He wste soMble osatal block of mdh. copolymers caai issctode poly{e&yfa2 
glycol); whereas, the hydirolydcally labile exteiskro cm be a poly(ci-hydirosy acid), SEch as 
polygjyoofic add or polyfoctic add See, Sawfaey et al» Macromolscideg M: 58 1-587 
(1993). 

la moth^prefe^mi ^sbodimCTt, the gel is a&eomoreveasMe geL ItosxnorevOTibl© 
30 gels mclmdiEjg ©oflEpOMsalts, swh as pliaraiics, collage, geMiffl, hyaloMouic add, 
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polysacdnarides, polyroAme hydhrogel, polyrog(ltei©-iiiK©a hydlragd and omMmS&om 
iStaseof sic© presCTlfiy p?sfes©d. 

Ik yet moHter exemplary embcdimoit, &e conjugate of ft© invratioH inckdes a 
component of a liposome. liposomes can be p^ared accords^ 
5 skilled intes^fc example, as described in Eppstem et a!. 9 U.S. Patent No. 4,522,811, 
which issned on Jot© 11, 1985. For example liposome fbroiiffllaftjioinis imay bo prepared toy 
dissolving ajppropriate Mpid(s) (such as stearoyl phosphatidyl eflhanolamine, stea^oyS 
phosphatidyl daoline, arachadoyt phosphatidyl choline, and choteteol) m an Morgseic 
solvit flhMfetfii^evapoi^ 
10 contaimjsr. Ash aqp&oBs scpMiom of ft© active ©omgmmd or its phMmsicazticaUy ©mqptalbfe 
salt is tea infeodhiiced Mo flue contams*. The container is {hem swMed by hand to foes lipid 
material ftom llhe sifa 
liposomal masBp&maaau 

The above-recited micjoparticks and methods of preparing due microparflicles ®re 
1 5 - o ffeed by way of example md ihey are not intended to define the scope of micxoparticlles of 
rase in the preset Mvct&gxl Kwfflbe^asnenttofthoseof skill in teasft tot m assay of 
micropaiticlteSs, fMiricated by dififerafc nie&ods, axe of nose in the pms&ent ibv©niti<aa. 

o) BioMolenites 

]fo gqTMAgr |pnfefffe7mdl t^lhodliimoTt^ fifae mntodtifliaril gaoigsnr bffSTO a Mmolg^Tte. Instill 
20 forte prefarafl ©nobodim^n^ fee biomolecrfe is a fractional protean, mzym^, sm&gm^ 
antibody, peptide, mddc add (e.g. 9 single nocleofcides or nucleosides, olgpn^leotides, 
polynucleotides and single and M^her-^tonded urccfeac adds), lectin, Exceptor or a 

gems pnsfemd Momoltegrfes gens essgaftMy wmrfkajGS&Bnlt, or <smfo tmA a inmSmd 
25 amoral of ISsMKrescCTce thaft 1&ey are inappropriate for ns© as a iEhMJiresosirt msdter in an assay. 
Other ttomobaoiles Mnay be ftaresc<sA Itemise of am oflheirwise nata^y cocaming g&gar 
that is modified by covalent attachment of aaoJhjer entity (<g.g., PEG, biomolecde, Utemjpetudc 
moiety, diagnostic moiety, etc.) is appropriate. In an exemplary embodiment, a sugsr moiety, 
which is a biomolecmle, is conjugate! to a linker ann and tlhe SBgar-linfeer arm cassete is 
30 subsequently conjugated to a peptide via ameffi^offlieinventioinu 
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. Biomolemles ussefel m pr&cticmg the present invention cm be (feived fium »y 
eomoe. Tlh© Momolecries cm be is© W©d fern mtarsl sourass or tfiiey cm lb© prmSrosd by 
synthetic methods. Peptides can be mtaalpc^^ Mutations can be 

effected by chemical mutagenesis, siie^iirected mutagenesis or other means of inducing 
5 misMioiriskBowELlto&oseof skill in tSie art Peptides useful in practicing &e instanti; 

mvez^oB incluMtep for OTEmpltep eazymeSy mtigoniSj mtibcdies md r©ceptes. Antibodies cm 
be eiStar polyclonal or monoclonal; ©ifer intact or Sragmats. The peptides are optionally 
fte products of a program of directed evotation. 

Both nataally dtaivd sand syaiietic peptides and nucleic acids are of rase in 

10 conjunction with 

©amponeaiit or a cross&lkmg agent by my available reserve grasp. For example, peptides 
cam be steadied tihroii^ The 
reactive group cm reside at a peptide tlmmms oir at a site internal to flue peptide dmsL 
Nucleic acids cm be attached through a reactive group on a base (e.£. , exocyclic amine) or an 

15 • amiable hydro^groTi^ The peptide and 

uMcleic add chains can be farther deritvstized at one or more sites to allow for the attachment 
of appropriate reactive groups onto chsm. See, ChnBsy e$ tsL NmcSeic Adds Rss. Mi 
3031-3039(1996). 

M a fitatar preferred ©ffljbodmsni% tflhe bioiinolecule is selected to direct t8he peptide 
20 modiiSedby fiBeme&ods of ttoiaiwsD^^to a specific tissue, fensby enhancing flue defevtsay 

of the peptide to that tissue rdati ve to flhe amount of undsrivatized peptide that is delivered to * 

fes tissue. Inastiltfoirtte 

ddnveredtoasjp^^ 

h^^kms&2ISP^mm&]ps^M^ 9 at least abomt 40%, arf means preiferaibly still, at least about 
25 100%. Pinssesiffly, prefenred biomolecoles for targeting applications iuchfc antibodies, 

IhomKMes ssnd Hgssnds lEbur cell-surface reo^pltes. 

In aprosealflly prefenned ©inbodimra^ the modifying group is a protein. In an 

exemplaxy embodiment, the pro^ Hie intafeons are antiviral 

glycoproteins that, in humans, are secreted by human primary fibroblasts after induction, with 
30 vinJsordo^jble-starfedSNA. Interferons^ of inters 

tnatanfiDt of multiple sclerosis. For rofeeaces discussing interferon-p, see, e.g., Yu, etal. 9 J. 
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Neurotmmmol, 66(l)c91-100 (1996); Sdnaidi, J., J. Newosd Res., <S§(l):59-67 (2001); 
Wand®, e< o£, FW&j Nemopathol, 39(2):91-93 (2001); Martin, dL, Springer Semin. 
Jmmmopathol, l®(l):l-24 (1996); Takane, etal,J. Pharmacol Exp. Ther., 294(2):746-752 
(2000); Sburiati, «* o£, Biotechnol Prog., 14:189-192 (1998); Bodd, et at, Biochmuca et 

5 Biophysica Ada, 787:183-187 (1984); Edetoanm, etal,J. Merferon Res., 12:449-453 
(1992); Gonads etal,J. Biol Chem, M2(3©):14600-14605 (1987); Csvas, et al, Ear. J. 
Biochem., 173:311-316 (1988); Bemolder, et al, J. Biotechnol, 32:179-189 (1994); Sedmak, 
et al, J. Interferon Res., 9(Snnfff B 1):S61-S65 (1989); Kagswa, eg ml, J. Biol dim., 
263(33):17508-17515 (1988); Henshenson, et al, US. Patent No. 4,894,330; Jayaram, et al, 

10 lB&s^maito.,3<2):l^ Standard, 66:391-401 

(1987) 5 Vomk, J. Merferon Res., 3(2):169475 (1983); and MbM, et al, J. Merferon 
Res., 10:255-267 (1990). For references relevant to interferon-is, see, Asano, et al, Em. J. 
Cancer, 27<8nqpipll 4):S21-S25 (1991); Nagy, et al, Anticancer Research, ®(3)s467-470 

(1988) ; Bron, a* <*/.,.£ #a>£ Regal HomecsL Agents, 3(1):13-19 (1989); Habib, etal,Am. 
15 5faygi, 67(3):257-26Q (3/2001); and Sugyiama, ci, Etsr. J. Biochem., 217:921-927 (1993). 

la an exemplary interferon conjugate, interferon p is conjugated to a second peptide 
vm a linker earn. Thinker am incli^ 

attached to i&e second peptide via a imeflmod of iBhe invention. "Hie linker asm also optionally 

M^todes a second intact glyc^ 
20 In anoflta: easnDplary emboduneni^ fine invention provides a conjugate of follicle 

stnmalaimg hormone (FSH). FSHisagiycopiotemlioimone. See, for example, SaneyosM, 

et al, Reprod, <£§:1686-1690 (2001); Hakola, et al, J. Endocrinol, l§8:441-448 

(1998); Stanton, <s? al,M6L Cell Endocrinol, 122:133-141 (1996); Walton, et al, J. CMn. 

Endocrinol Metab., 86(S):3675-3685 (08/2001); Uloa-Agraitas, et al, Endocrine, El(3):205- 
25 215 (12/1939); CastEO-Femindez, etalZJ. dsn. Endocrinol Matab., $S(12):46Q3-4610 

(2000); Brevost, Rebecca R-, Pharmacotherapy, 18(§):1001-1010 (1998); linskens, et al, 

The FASEB Journal, 13:639-645 (04/1999); Bufaev, et al, Biol Rsprod, §8:458-469 (1998); 

Muyan, et al, Mol Endo., 12(S):766-772 (1998); Man, et al, Endo. J., 43(§):585-593 (1996); 
• Boime, et al, Recent Progress in Hormone Research, 34:271-289 (1999); and Kafiferty, et al, 
30 /. Endo., 14&527-533 (1995). Hie FSH conjugate can be formed k a manner similar to that 

described for interferon. 
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11© m vivo Mf-ifey seres, wfa tSh© aauve, smS/orirmftec© tms of tera^CTSac 
peptide cm sis© to© (sntaoosd wster-g^Wbfe polymers otA m poly®$&yfaiL© gjysol 
(PEG) £snd polypropyi(gnie glycol (PPG). For scampi©, ctemc&I modMcMosi of proftskis wnfla 
PEG (PEGyMcm) mciDeases fck motanilar size w& dtaes&es Hhsfe" rarfac^- wd fmsfioBal 
5 group-accession^ 

potdsL TMs metritis in impirov&BJirali of plasma Ssalf-Bves md fia p^teo5ytic-s^ffiHl&y 9 ™d 
a decrease m inmimogeaicity sed Ihi^pa^c naptsfee (CMfee e£@LJ. dm. SmxssL 89: 1643- 
1651 (1992); Pysfaak <2*<sl to. Camsmsu Ckem. Pathol Phmvmcol 29: 113-127 (1980)). 
PEGyis&on of hm tesa reported to mraesse its rafctemor potency m vm> (Kate 

10 <st al Pnzc NM Acad. Set USA 84: 1487-1491 (1987)) sand PEGytataa of&F(sib p )2 taived 
flom tfifce irmmoc toal anSitedty A7 fas improved ite tonor loodizstfaoini (Kitemma <s$ tsl 
Biodhsm. Employs. R®$. Commm. 28: 1387-1394 (1930)). 

Urn ©Eeps^fenred ©mbcdmsni^ &e &® wro Mf-Hf© of spqpMdte derivsfesd wiffih a 
wato-soMble polymer by si meflaod of Abe inveaiion is increased relevant to the £® ww faalf- 

15. 1 life of tills E0HMtaiv£ife©d peptide. la rao&er preferred embodkaeM, 1&© ws& umcfer fte 
OTve of & peptide derivafeed wfflh a wate-sofable polymer ™mg ame&odoft&s Mveatioa 
isimareasMirde^^ of fee TO2B^teiwfe©d peptide. MfismoSter 

pireforod (smlbodim©^ fine idssMctd© time of & pqpid© deriwftized wMn & mter-®oMble 
polymer uBsssng & meSihod of iswisnfiiom is nmsnsassd icelevssxft to HJh© smdlw ttm© of fin© 

20 acgffiHdted^fl^pqpfid©.. T©rihnnai^^ 

cwvesrifeiresid®^ Description of mA fatihmqsm cm 

be finmd w J.GL Wagsntsr, 1 993, Ptami^^ fiwr the Pfoismas^ Sd®aSis8, 
T©idhD33i£D2mi5is MliAiig Qsw£my 9 fas. LsecasterlPA. 

Tibs eestssss m peptide bkj wro Mff-Mfe is Ibesfc espiressed m a raoge of psrcsnfi 

25 fosses^ iatMsq^^ Th® fow<sr ^&d of tfflneirmg© of p<sn&sift irasne&s© fa ateai 40%, sfanft 
60%, stanft 80%, sbomft 100%, 150% of ata# 200%. The mqpp^r ®nid of i&e mige is 
' aiboTffifc 60%p aiboiBft 80%, aboM 100%, sSran^ 150%^ or TOQOTS tens)boi!^250%. 

In m CTMplasy mibodimmi, SheppesMt inveolioB provides a PEGj^atod fefflicle 
stmmMmg honBoae (Essnmipte 9 said 10). M aifbdfesr esCT^tay (^todimisisfi, fli© inv®nMom 

30 provides aPEGjteed tasiEfemii (Esan^le 13). 
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Ote (wswjplmy wster-so table polymers of nase in fee iwCTdoB. mc Wb» fort sis© mt 
Ita5t©d to Hkeaor or tamdrf polyC&Hcylene oxides), po!y(oxydisjtoted polyols), poly(oktfMc 
alcohols), md poly(^ylomorptolfoe), dextax, stedn, poly(amitao sods), ete. 



S Bus coxy iaga£es of the miration may also inctade one or moire wste-insottlblle 

polymers. IMs miilb^jdm 

v^cleml&wM^ Polymeric dmg 

dsKveay systems are to™ in &e sst to, &r ©xsmple, Bran e$ ®L , Eds . PoLYMmiC 
Drugs And Drug Delivery SYSimas, ACS Symposium Sraies Vol. 4S9, Ammcan 
10 Ctamicri Society, WaAiinigtaiis, D.C 1991. Ttaeoffslrilkte 

srafosfam^^ amy toaown drag ddiveay system is qppicsMe to fc conpagste of fe pnessntfc 
invention. 

R^paneseasMiw wate-insoltaMe polymers inchade, hs& ssns snot limited to, 
polypto^hfiffimes, poly(visnjd aslcoMs), polyamides, polycarbonates, polysJkyieaies, 

15 . polyasrylraides, polyaSkytai© glycols, polyalkyfae oxides, polyalkyisn© toepMhaltes, 
polyvinyl eaters, polyvinyl estes, polyvinyl liaEdes, polyvkj^ym^lMosiie, poly^ycoEdes, 
polysalosaEes, 'polywt^hmeSp poly(mA^l mefacsyfafce), poly{©&yl mdiirayM©), 
polyOtatyi snsBhacsylate), poly(I^toflyi me&acsylafe), polypheny! mtscahsicirs^site)^ 
poly\(j«d^ pofly^taniyil rndtearsfete), poly^ptayl mrifaooqilflteX 

20 poly(me%i acsyitefc), poly^sopnipyl rn^Mo), polypsoteyl ©Hyiate), poly(ootedbq^ 
sssykte) polye&yfae, polyprapj^eniep poly(dhylen© glycol), poly(dSkyl©ni© orafe), poly 
(e%feni© to^MsalM©), polyvinyl acetate), polyvinyl dnlorid^ polysftysra^ polyranyl 



li]M83MilpotyM®rs ©funs© inn ©Mjiniggfes of tSa© irosmMoss. iEotofe^ 

25 



syaitoicaly modified nataal polymers incfade, bunt as© mot MmiM to, ms&yl celMose, 
e&yl cellulose, Ihydroxypropjd cellulose, hydroxyprapyl meSiyl cellulose, hydroiqfbixtyl 
methyl celtalose, cellulose achate, celfalose propionate, celtalose acetate bMyrfte* ceMoss 
30 acetate pMiakte, ccsbosymdSiyl celtalose, celtalose triacetate, celtalose solfete sodium, salt, 
and polymers of acrylic md me&soylic esters and alginic acid 
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These m& to otor polymers disOT&sed taeim cm toe readily obtained feom 
©oraBsrcM sotoss mA as Sigma Ctemcsa! Co. (St hams, MO.% PolysdeEic@8 (W mtsstosi, 
* PA.), AldricJk (Mffiwafflste^ Wl), FWka (Roiotaitoma, NY), sand BioRad (Mcbmon^ CA) S or 
else syntosized fiosm monomers ©tamed fccm tos© sisppliess askg sSaadard tedmiqpes. 

S Representative bio&gradable polymers of ose in to conjugate of to invention 

include, tonsft are not limited to, potylactides, polyglycolidles and cqpolymos toreo£ 
poly(e!hyi@nLe te^Miialate), poly(bi3tyric add), poly(valeric add), poly(lariSd©-co- 
cspotectae), poly(l^d^co-gly©oHde) s polyrahydrides, polyorfhoesters, Meads and 
copolymers toreof Of particular me are composition tot form gels, suxch as tose 

10 iBDtodmg colagga, ptaomiics smd to like. 

"Due poUynnos of raise M (She invisntioE inotade hybrid* polymers tot inclbd© wafcsr- 
insoluble msteials taring wstfoim aft leasfc © portion of tofr stacta^, a bioresorbable 
imolecsmle. An example of sodh a polymer is on© &aft indtodes a water-irasotobl© copolymers 
wMcln has a bioresorbable region, a hydropbilic region and a ptaralifty of csossimkable 

IS ■ fLmcficral giroiaps per polymer dhsain. 

For pmposes of to presmS inveatioa, "wate-imsokibie materials" includes materials 
toft axe srabstantially insoluble in wate or wate-<xmtabiag aviremnents. Tfais, altoBgfc. 
certain regions or segmote of to copolymer may be faydrapMMc or even wate-sotaMe, to 
polymer Enrfecsal®^ as a ^tole^ afcss noft Ho say sEbstantial measure dissolve im wsfcr. 

20 For ptmrposes of to pressaaft mveaj^o% to tem bioresorbable molecnle" mcSuMte a 

region toft is capable of being meiaboffized or tootani down and resostoed and/or eKmratol 
tibrrogb emmusI eraa^tay nOTift©& toy fflms body • SusA metabolites or break down fljradEdte are 
preflkAltysaii^^ 

Tfifce todoin^Asitol© regiiosa may to® safer Bsydaop Wbic or IrydropMlc* so long as to 
c 25 copolym^cOToposi Ttos, toMoresortoable 

region is selected based on to prefeg&c© toft to polymer, as a wMe, remains wate- 
insohMe. Accordingly, to relative prop^ii^ ie* s to kmds of ffiamctdoirml groups cosrtemed 
by, w& to relative proportions of to bioresorbable region, and to Ihydropbilic region are 
selected to ensure toft rasefel bioresorbable compositions mmm waier-m^luble. 
30 B&mxphxy resorbable polymers include, for example, syntodcally produced 

resorbable Mode copolymers of poly(a-bydroKy-caibosylic acid)/poly(oxyalkyime, (see, 
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Goto cf., U.S. PstenS No. 4,8265,945). lies© copolymers ot^HbM and gore wate- 
soWble so finaft tfflae body cm <g&cs&& tfine degraded bltock copolymer oosE^ositioms. fe s 
Yoraes cl., J Burned. Mater. Ess. 231: 1301-1316 (1987); and Cobn JBiomed. 
Mater. Ribs. 22: 993-1009 (1988). 
5 Presently prefeo^ bioresorbable polymers mctode one or more cosmponrate selected 

feom poly(estess), poly(hydKoxy adds), polyCkdtones), pol^axmides), polyester-amides), 
poly (amino acids), poly(anbydrides),, poly(orfbsoestes) , po!y{c®bGoates) s 
poly^phosphazmes), poly(phospkjestes), poly(Moesie5rs), polysscdnamtes a&d mixtoss 
ifaesreof Mors preferably still, the biosresoibable polymer Mctodfis a poly(hydjroxy) add 

10 cms^mmL Of flfae poKy{hydroxy) adds, polykctic add, polyglycoMc add, polycaproic add, 
polytaiyric add, polymeric add and copolymers md mktanes flmestBof are prefermL 

Jh addition to forming SragmCTds &a£ sore absorbed sra ww (^ioresaxbetF), preferod 
polymeric coaflimgs far uase in tifoe me&ods o f (Bhse iarrartioE caan also foam am racaeJable sssd/or 
mefcabolizable fragment 

15 ' ffigikar order copolymer csm also be med in fee preset mveft&osx. For example, 

Casey ef ^ U.S. Paint No. 4,438,253, which issued on March 20, 1984, discloses to-Mock 
copolymers produced feom tSne tansestaMca^om of poly(giIycolk add) and asm hydrosyl- 
raded poly{a!kytoie glycol). Smidk compositions are disclosed far imse as mssorbabl© 
mo mMm^St sterns. Tim R<szMMy of smash oiMigpcfiMcms is oontooled by Hfiae iBcorporsdlioEi 

20 of an sromsMo orftecsstoia^ 
stajctae. 

Ote coa&igs based com lactic amS/car gJycoKc adds cm afeo be utilized. Fore&smpfes, 
Sjpnm, USL Patefl No. 5,202,413, vMA mm& <m April 13, 1993, discloses Mod^adable 
ranaM4>locfe ©npolym^ra tamig seqprarffialy <aardbr©d blocks of polyflacSM© and/or 

25 polyg^yooide pmdraced by mg^jpsokg polymerization of lactide amd/or glycoKde onto 
dlte aai ©HgomCTC diol or a diamine jreddEe followed by dham ejitetaisiom wMi a di- 
fnsctianal compoi^^ 

Bioresorbable regions of coaikgs useM m the preset invmHioiii can be designed to 
behydrofytiGafy For pwposes of tShue pmesm£ invention, 

30 ^ydrolyitkally clesvable" irefos to the soscqpf&biHty of She copolymer, espedally the 

bioresorbable regscoa, to hydrolysis in wate: or a wato^Btaiimg mworraeaoi Similarly, 
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"eazymafcffly cleavable" as m&d kmm refes to tSie srojqptfiHfty of (She copolymer, 
especMSy ft© bioresorbable iregico, to clesKrag© by (sadtogsnio« ok ssogmoms (snizyaBsa, 




• and/or meitabolizaMe fegmeaits. Ttas, tfae bydsopMlic region can inctode, for example, 
5 polyefiiers, polyalkyleaie oxides, polyols, polyvinyl pyroMdim©), polyvinyl alcobol), 
poly(alkyi oxazolines), polysaccharides, casMhydra^ pqptfides, protems and c©poSym@rs 
sad mktaes fluieseof Fm&emMne, 1&e bydmpMlic region cm also be, for example, a 
pd^aSkyieae) oxide. Soda poly{aIkjteiie) oxides can mcWle, for example, poly(eSl&yfaie) 
oirid^ poly{propyfaiie) oxide asid roixtaes and copolymers tereotfl 

10 PoUysxfljsrs tShaft ar© coEflponeairils of bydsogels as© sfeo udsb&I inn flu© pE^ssanlt SswrasltiosnL 

Hydtogels sore polymeric materials 1&a£ sire capable of stoiMnig jreWvdy large qroniffife of 
water. Examples of hydkogel forming compounds imcWe, ta£ ^© noft MmiteS to, polyaciryffic 
adds, sodiram carboxymdhyfcelMoss, polyvinyl alcohol, polyvinyl pysroldm©, gela&i, 
caxrageenaa and other polysacdiarides, hydraxye&yleaemeiiacryEc acid (HEMA), as well as 

15 'derivatives thereof aad &elike. Hydrogelsc^beprod^^ 

and Moresort»able. Moreover, bydrogel compositions cm include sribumite that exhibit one or 
mojreof&eseprop^rfi^. 

BioHDaanpafible Ihydrogel coniposMons wtas integrity « be ©nrtrofled fcoin#i 
arosslMmg Imoxm $m<& ama png^ftily ppgfems^ far nnssa ftTm iffhe T^fsfitofe of fcrmrfm, 

20 For essan^te* Htabbel <s# dL, US. Paten* Nos. 5,410,016, vMdh issuned <ma Apia 25, 1995 sand 
5,529,914, which issued on Jume 25, 1996, disclose water-soMble systems, wMcfo as© 
D^DSsfintod btoc& copoEynnLtsrs towng a water-sotable csntal Modi segmaaJt sandwiched 
befcweat^oliiyto^ Sizdn copolymers as© itaiter <sri-c$pped wMh 

ptoltopol^ flracsiodi^ 

25 Ihytfhrogelk Tfe water soMble Gluteal block of s^da. copolymers cm kctade poly( ^Skjfai© 
glycol) ; wteneas, flhe bydirolyfti easily labile extensions cm be a poly^ra-hydroxy acid), mch as 
polyglycoMcaddorpolj^lacticadd. jSbs^ Sm?fomyett8l 9 Macromohc8ds&M: 581-587 
(1993). 

M. scaoflter prefrared ©mbodiniienLi, the gel is a tfoemnonevemM© geL Tfasmorevensible ' 
30 gels inctadiag components, swh as ptaraics, collagen, gelatin, hyrioraraic acid, 
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polysacdhsridteSp polyonnrtlfoaHite hydrogel, polyui?dta^iEnssi hyitogel sand coiaite^OM 
thsreof sst© presently pardEsnred. 

la yet another ex&nplary embodiaaCTt, fihe conjugate of tin© invention inctote a 
component of a liposome* liposomes can be prepared according to Bdeflxods known to those 
5 skilled in the art, for example, sis described in Eppstein e& a!^, U.8. Pstat No. 4,522,81 1, 
which issued on Jrae 11, 1985. For example* liposome Simulations may bo prepared by 
dissolving appmopriate lipid(s) (such as stearayi phosphatidyl eflhanolamine, stesroyl 
phosphatidyl choline, ^achadoyl phosphatidyl choline, end cholesteol) in ana kiorgsaric 
solvrat Hhat is fcsa evaporated, leaving bdfoimd a thin film of dried Mpid on the surface of {fine 
10 conSamsro An aqrooTO eototiom of the active conigporad or its phamiacaitically aocqpteMe 
saK is Shen Mmduced into Hhe container. The container is Utea swMed by haojid to free EpM 
material 15oti flue sides of the container and to disperse lipid aggiregates, thereby forming &© 
liposomal sma^@iiaioinL 

The above-seated miaroparticles and methods of preparing flhe micmparticles are 
15 ■ offered by way of esample and fluey ax© not intended to define the scope of microparticles of 
i^in^p^©ni£invrafion. Itwilbe^areBtto&oseofsM 
micropazticles, fabricate! by difEsrent nne&hods, are of use in tihe pinssent invention. 

c) BiomoleOTte 

Tfn mxtiSfo&r pmsfennaril onalimrilihmigni^ fee modi iHed BMigacr hxasons si MflnnniolliaaoJIa. la still 
20 ferfthea: pm&sed ©noibodiments, flhs bitmolecde is a function^ protean, CTzyme^ ssnMgen, 
antibody, peptide, nsadeic add (e.g. 9 single nucleotides or nucleosides, oigionucleolddes, 
polynucleotides ami single*- and M^htt-stansW mscleic acids), lectin, Eesqptar or a 
CQEEibisisfiion fiSBSflsoffl 

Sonne pretfenped MosnoleOTles are essentially noinhftaos^CffflDi^ or emit m\dh a minimal 

25 amoraitof 18ta&^^ 

OtJte bioniioleOTles my be fflim^esosnit The mise of an otherwise naturally occurring sugar 
that is modified by covalent attachment of another entity (&.£., PEG, bioniolecule, thesrapeutic 
moiety, diagnostic moiety, eft:.) is appropriate. In an exemplary embodimmt, a sugar moiety, 
which is abiosnolecule, is conjugated to a linker a™ and flhe sugar-Matoer arm cassette is 

30 subsequently conjugated to si peptide via a method of the invention. 
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Biomol©OTles m®M m prsctidag tSue present kv©a&m can be derived iom my 
The Mcmolraifa cm be isolated ferm mtoal souroes or tffiiey cm be produced by 
syntoic rnejShods. Peptides cm be m&taral peptides or anntated peptides. Mutations can be 
effected by dimmed mutagenesis, site-directed mutagenesis or other means of inducing 
5 mutations kntown to &ose of skill in tfihe art. Peptides useful in practicing tSheinstanft 

mveaticm inctad©, for example, CTzymes, antigens, anybodies and receptors. Asitibcdieg cm. 
be eittar polyclonal or monoclonal; dtfa intact or ftagm^its. Hie peptides are qptiomly 
the products of & prograim of directed evolution. 

Bo A naturally derived sad synfeic peptides and nucleic sods arc of use in 
10 conjunction wffin (She pres&st ifflVCTtion; fines© molecules cm b© atodhed to a sugar rtssidE© 
compontCTt or a crosslinlkiEig ageit by say available reactive group. For example, j^fiides 
cm be attached tihraB^ aresdfive amis^ carbosyt sulfhydryi, or hydroxy! grougp. He 
reacftive group can reside at apepSid© tanriinra or at a sit© internal to fine peptide dham. 
Nucleic adds can be aiiadied through a reactive group on abase (&.£., exocyclic amine) or an 
15 - available hydroxy! group on a sugjsr moiety (<s^*, 3*- or SMiydroxyl). The peptide and 

mscldc add chains can be fkrfrto daivaflized at one or snore sites to allow for the attachment 
of appropriate reactive groups onto flu© dfra&L £as^ Chrisey^dl Nucleic Acids Res. Mi 
3031-3039(1996). 

In a fftoflhsr pdfared CTttbodimsffit tflhus biomolecule is selected to direct tShe peptide 
20 m<raM<ad fay fee mnrfii^ffle of Iflho fflfflWBrfogn to a spxadifliic Aggroie^ ftlfoenslhy ( smhflomcmg flue daljrMgry 
of the p^tide to tSbt tissue relative to flue amount off iimderivatized peptide Hhat is dteliveired to 
fetassue. Mastfflitate 
delivered to a ^pecifc 

test stout 20%, mm pdfesbly, at least about 4©%, and mum pEdfeably still, at least about 
25 100%. Etas@Bfly p preferred biomolecules for togging applications include antibodies, 
homoiflies ^ 

Jh a presCT% preferred ©nbodim©aii, tbe modilJying group is a protein. In an 
exemplary embodiment, the proton is an interferon. The intefeons are antiviral 
glycoproteins that, mbnmans, are secreted by 
30 viras or double-stranded SNA. Mes^^nsaro of interest as Jher^e^cs, e.g^ antivirals and 
treatment of multiple scteosis. For referaices discussing intefenon-p, see, e.g., Yu, et <trf., J. 
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Nemoimmmol 9 64(1):91-100 (1996); Sdraaidi, I, J. NewwcL B&s., <£§(l):59-67 (2001); 

fcfe p * fli, Fofite Nemopathd, 39><(2):91-93 0001); Msnrtm, <s* <c&, Springer Semm. 

Immmopathol 9 l®(l):l-24 (1996); Takane, a£, J[ Pfommacol Exp. Ther. 9 2SMS(2):746-752 

(2000); Sbudati, Btotedmol Prog. 9 14:189-192 (1998); Bodd, aL 9 Biochimm et 
5 Biophysics Acta, 787:183-187 (1984); Edelbaisxn, etal. 9 J. Interferon Mss. 9 12:449-453 

(1 992); Gamadi, etaL 9 J. BioL Chem. 9 262(3(D>):1460Q-14605 (1987); Cta*tfdL,Ar. 

Biochem. 9 173:311-316 (1988); Beamolder, efol,,/. Bio$eefmol 9 32:179-189 (1994); Sedmsfc, 

et al 9 J. Interferon Mes. 9 9(SnnipipIl 1):S61-S65 (1989); Kagawa, etal 9 J. BioL Chem* 9 
■ 2<S3(33):17508-17515 (1988); Hoshemsson, et al 9 US. Patest No. 4,894,330; Jayamn, etaL 9 
10 J. Interferon Mes. 9 3(2):177-180 (1983); Memge, et ssL 9 Itewdop. Biol $tmdw& 9 (S&391-401 

(1987) ; Vot&, <e£ JC iS^sgferoiB to., 3(2):169-175 (1983); md Adoll£ et al 9 J. Merferon 
Res. 9 1(0)555-267(1990)- For B^fora©^ melevanfc to ktofeOTMJ^ see 9 AsasM), et o£ 9 Em 3 . J. 
Cmcer, 27(§nii5D]pn 4):S21-S25 (1991); Nagy, et al 9 Anticancer Research, &(3)s467-470 

(1988) ; Biron, et aL 9 J. BioL BeguL Homeost AgeMs, 3(1):13-19 (1989); Habit), etaL 9 Am. 
15 Swg. 9 (S7(3):257-260 (372001); and Sugyiama, et aL 9 Em. J. Biochem. 9 217:921-927 (1993). 

In an emnpla^inierfoKra conjugate, intefemsi f3 is conjugated to a secomd peptide 
viaalintoersmL TheKnteamte^ 

atodnedl to &e s©comd peptide via a mefead of tflhte inveiniticfflL Tte Hmtor am also optionally 
kcltadss a ©eotmd innteft glycosyl KWriing grasp, fiTOB^k wMch. & is ateclted to t&e inteferm. 

20 ]k amrfiner eKe>mplazy <grfmdme2x£, a© iwesdoe provide a coajiaga&e of follicle 

stimnlating faomnone (FSH). FSH is a giycopinDtok tamone. See, for eraniple, SasusyasM, 
et al 9 BioL Rspm&. 9 (S§:1686-1690 (2001); Hatola, «f aL 9 J. Endocrinol, 1§8:441-448 
(1998)6 StaJtas, <s? jMbl Cs9L Endocrinol, 125:133-141 (1996); Walton, «f JC Ofe 
Endocrinol Metab., 8$(8]):3<S75-3685 (0&2001); Uloa-AgasSro, <s# dl, Eraafotsto, 11(3)205- 

25 215 (12/1 99% Casta>rF<es^^ etalI,J. CBl BmSocrMol Matab. 9 SS(12):4603-4610 
(2000); Rcwos^ ReJbecca EL, PfammoDiherapy 9 18(S):1001-1010 (1998); linstos, et sd. 9 
The FASEB Journal, 13:639-645 (04/1999); Bistoev, et al 9 Biol Reprod. 9 §8:458-469 (1998); 
Muyaa, etal 9 Mol Endo. 9 12(S):766-772 (1998); Man, etaL 9 Endo. J. 9 43(5):585-593 (1996); 
. B6mQetaL 9 Recent Progre^ 

30 /. Endo. 9 1<^^27-533 (1995). The FSH conjugate cm be Jfomed k a mmmx snmlar to tihat 
described for intefeon. 
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fin yei OTote exemplary ©nntodiM^ a© coxpig&te kctote ^tepoidk (EPO). 
EPO is baowm to mediato msspons© to hypoxia and to stkmlato fes pjadmrffron of ml Mood 
cells- For peatimeast referees, Cerami,e£<2&, Semimrs m Oncology, W^^m^l S):66- 
70 (04/2001). Aa exemplary EPO conjugate is formed aaalogpusly to the conjugate of 
5 interferon. 

5a a fflrfi©r exemplary emfoodimOTfc, the invention provides a conpgate of toBSsa 
gnnidocyte colmniy stim ulating fegfloir (G*C8F). G-CSF is a glycoprotein tSiat s timulate s 
proliferation, difiFemitiation and activation of aeutropoietic progenitor cells into iBmctionafly 
mature KieatopMls. IfcgectedG^^isloi^^ $©s,itor 

10 example, Nohyndk, et aL, Qmaar Chemo&er. PhamacoL, 39:259-266 (1997); Loud, <& aL> . 
Ofe&orf Cmcer Research^ 7(7):2085-2090 (07/2001); Rotondaro, <e£ <ol, Mdhmkssr 
Biotechnology, 17-128 (1999); end Btaig, <s£ dL, Bojss Motw Tfrmspkmta&wn, 

22559-264(2001)- An raranplairy cosjBgat© of G-CSF is psjgpaired as discussed abov© for 
the coxgugate of the mtorfenms. QneofslriHintheart^appreriate 

15 j^te^ may be conjugated to i^^ 

mvention, incta^ but not limited to, tine peptides listed in Table 6 (patented elsewhere 
herein) and Figure 1, and inFigmnres 27-51, wfoeare individual modification schemes as© 
pmesCTfeiL 

M stil a ffWker exemptay emibodime^ ite© is provided a conpgato wi& Motin. ^ 
20 Thm, for <sobq#b> a selectively biotinytated peptide is elaborated by fee atiadsmesaft of sua 
avidin or sfe^tevidin unoieSy bearing one or more modifying gromgpa, 

M afetShisrpPsfenced emnfeodime^ ft© biomol©cule is selected to direct the peptide 
*modii5©d Iby tfine mdhods of invration to a specific inteaceEutar ©ompairtmfint, th^rdby 

25 of mfeivstizrf peptide tffat is deiv©r©d to She tissro. InastillMrSteprefe^ 
©ribcdamisis^ tfflae amonmit of desivstizedp^stide delivered to a specific intracellular 
compaytaafc wiflhin a selected time psicd is enhanced by derivatizafion by at least about 
20%,moipepKefenMyp ^ 
another particularly pretfmed (mibodimait, the Homolecule is linked to tine peptide by a 

30 cleavable linta tot can hydrolyze once internalized. Presently, preferred biomolecules for 
intracellular targeting applications include transferrin, lactoteamferan (lactoferrin), 
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rnelmotomsfmina (pST), cmaloptosmiiQis md dsvafenit cation temposfe'. Contemplated 
linkages Mctade^ but are not limited. to, proteia^^ protbdinTOTgasr- 
1m!rggr -pmte5i?i md mritjyalmft forms ttaceo£ and pmtem-scg^-liik^HjJojig wh©re (She drag 
includes small molecules, peptides, lipids, among otters. 

5 Site-specific and target-oriented delivery of therapeutic agents is desirable for ft© 

purpose of treating a wide variety oftomM diseases, soch as difffermk types of malignancies 
aMc^aiBBeiirologicddisoirctes, Sinch procedhnes are accompanied by few© side effects 
and a Mgher effidscy of drag. Various principles have feeea relied oia in designing these 
delivery systems. For a review, see Garnet Advanced BmgBdimy Jtevtaw'S3:171-216 

10 (2001). 

Gsie imported considemSioini in desigpmg a drag delrwsry system to target fesuies 
specifically. The discovery of tomor surface antigens has mite & possible to develop 
theasspeMtic approaches where tamoir cells displaying definable surface m&gsm sse 
specifically targeted and killed These are three main classes of therapeutic monoclonal 

1 5 ' antibodies (MAb) that have demonstrated effectiveness in tinman clinical trials in treating 
malignandes: (1) raiconjugated MAb P which either directly induces growth inhibition and/or 
apoptosiSp car im&ectly activates host defense medmrissBS to mediate antitamor cytotoxicity; 
(2) dmgHDOKgBgat^MAh, wMdhLpinsfoaataalty delivers a potent cytotoxic toxin to the tomor 
cells fenslfana TOm^Vi sa fthe systemic cytotoxicity commonly associated with 

20 conveaational chflmoAraqiy; and (3) rfoisotoj^ which deHv^rs a 

sterilizing dose of iradMM. to the tamer. SeerwiewbySflffetaL, Gmcer Control $>:152- 
166(20fl£). 

MointetoamMAltowitlhtepo 
connected to atoxic toM*^ mayfly obtained j&Bmaplss^ to fani 

25 chhn&tiG. jnnnattems called hmMMotosms, IPmpisatly TO©d pta^ toxins are (jffividedinto too 
classes: (l)holotosins (or class Mribosome inactivate 

mistletoe lectin, andmodeccin, and (2)hemitoxins (class 1 ribosome inactivating proteins), 
such as pokeweed antiviral protein (PAP), ssgwrin, Bryodim 1, bouganin, andgelomn. 
Commonly used bacterial toxins include diphtheria toxin (DT) and Pseakbmonas exotoxin 
30 (PE). Kmiwm, Csrn^mi Pharmaces^iad Biotechnology 2:313-325 (2001). 
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imitated arched EsmspteimM© 
aati.B4-bloc&ed ricin, targeting CDS ; and RFB^-deglycosj^ed ricsm A dhain, targeting 
CD22. Recombinant inmimotoxi^ 

5 consisting of the variable region of an antibody directed against a tamoar antigen ffused to f a 
protein toxin nasing recombinant BNA tedhnology. Ttetosrinisalsofieq^^ 
modified to remove Etonnal tisme binding site bm£ retain its cytotoxicity. Alaffgemraoteof 
diflfeaiiistioa antigens, overdressed iDBceptoirs,- or cssoDsr-siparific antigeas tor© been 
identified as targets &r immnnotosms, e.g. 9 CD19, QD22, CB20, EL-2 receiptor (CB25), 

10 CD33, EL-4 recqptoiTj, BGF inecejptar and its mBtmiilSp Lmis carbohydrate, meso&dmas, 
tasnsfesrin receptor, GM-CSF recqjter, Ras, Bor-Afoll, and oJBt far fin© teeafimralt of a vsrie£y 
of malignancies including hematopoietic cancels, gfiosnna, ^ breast, ©otam, ovarian, bWate, 
asMgssstointesM S^&^Bmta^ ZS&er. 1:693-702 

(2001); Pereatesis and Sieves Hematohgy/Oncology dimes cf North America 1S:677-701 

15 '(2001). 

MAbs conjiiBgated^&irajdioisotope as© mod as another means of treating Iramra 
maligwsies, puticokdy hematopoietic maMgwncies, with a high level of specificity aad 
z^s&fimMtm. The most commonly rased isotopes for therapy are fine M#-CTergy Hgmttes, 
sm&as m Iarf^. S©crfy, 2 ^i4aM 

20 inpta^ItaBDM Rsff^aLp^s^ra. 

* A mmfeer of MAbs have beea mod ifor ttespastic pwposes. For g&amjple, Ufa© ubs© of 
ritaxmab (BBtam^ a recombinant chimeric mti-CD20 MAb P fer toeating ogaflain 
hBoaiBpohfc miligMMBifli a^gpmavsd by {fa FDA to 1997. OteMAlrateitll^ 
tecsai sgppiroygTgdl far l8tesra^gnH£ig uagss Sub, tegatfaiig T h^^nigpm cscmc^gs msftnBdl©: aAsiBfaaatiimab 

25 (Qsjddb^^ 

(Mylotarg'^acs^^ Tike FDA is 

also cwmMy trnmrnmngA* safety and efficacy of several other MAbs for the purpose of 
site-specific delivery of cytotoxic agents or radiation, eg., radiolabeled Zevaliri™ and 
Bessar^. ReffeftalU^ra. 
30 A second important consideration in designing a drag delivery system is the 

aiccessibiMtyofaltag^ TMs isan issue of particdarooncemin 
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fine cass of testing a disease of Ae centoal b^ttoibs system (CNSX wtae (She Mood-team 
bsm©r prevents the diffisskm of m^^^tail^. Several approaches have hem developed - 
to bypass <8ie blood-brain barrier for effective delivery of teapentic agents to the CMS . 
The undexstandi^ 

5 useful tool in bypassing the blood-tain bam© (BBB). Ion, transported in plasma by 

teasfarimi, is an essential cornnponggftft of vMoaly all types of cells. lliebir^iQiecdsfconiEbr 
metabolic processes and receives mm through tarfema mzeptom located on brain capillary 
©adothelial cells via receptor-mediate Moos and Morgan, 

Cellular a^MolecsdarNessrobiology 2@:77-95 (2000). BeSiveiy systems based on 

10 toJisfeiAihtoisfe^ recqptoar inteEction hsm bem established for i&e efficiCTi delivery of 
peptides, proteinSs md liposomes into the tarn. For example, peptide cm be copied with a 
Mab dimmed against the transferrin receptor^ 

Mcugan* fipra. Similarity, wfaea coupled with anMAb directed against th© taisfcrm 
receiptor, the transportation of basic fibroblast growth factor (bFOT) across the bloodrbrain 
15 -tanier is enhanced. Sor^dt^ 9 Ifi^Jassmalqf Pharmacology a^Experimenial 

Therapeutics 3®1 :605-610 (2002); Wu et aL, Jcwots^ o/Drag Targeting 145:239-245 (2002). 
In addition, a liposomal delivery system for effective transport of the chemotherapy drag, 
doxorubicin into 

©na§s of Bsjpososnal PBG Asiks. Eavaranie e(t al, «/. Bicmed. Ma&sr. to. §1:10-14 (2000). A 
20 numibsr of US patents also relate to delivery md&ods bypassing the Mood-brain barrier based 
onteansilteK^ See e.g, US Patent Nos. 5,154,924; 

5,182,107; 5,527,527; 5,833,988; 6,015,555. 

Ttee are otter sraWbl© comgioig^on partnos for a pbamiiaceRPiticrf agent to bypass the 
bkodtembam^To F« esm^k, US Patent Nos. 5,672,683, 5,977,307 and WO 95/02421 
25 relate to a unshod of ddfiwsrifog am^^ agent across the bloodWbraan bssrier, 

whs© the ageofc is administered ^ tfflms fom of afbsionpretein with a ligand that is reactive 
with a brain cspilasy ©adofinelM eel receptor, WO 99/00 1 50 describes a drag delivery 
system in which, fine transportation of a drag across the blood-teain barrier is facilitated by 
conjugation with an MAb directed against human insulin receptor; WO 89/10134 describes a 
30 chimeric peptide, which includes a peptide capable of crossing fhe blood brain barrier at a 
relatively high irate acid a hydrophilc neuropeptide incapable of transcytosis, as a means of 
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hd^HfiMicticml cross-lMmg reageaats, wbich may be cle&vabl© toy, &g. $ add-catalyxed 
dissociation, or nc^leavable (see, Swwmsadm and Neville, Bwdiemmtey 2&r2501- 
2509 (1989); Wdlksaer et al, The Journal of Biological Chemistry 2<S(&:4309-4314 (1991)). 
Interaction between many laiown binding partners, such as biotin and avidin/streptavidin, can 

S also be used as a means to join a therapeutic agent and a conjugate partner that ensures &e 
specific md effective delivery ofthe therapeutic agsnl UsmgtomeflM^oftbemven8i<o% 
proteins may be used to deKvear molecules to intracelMar compartaients as conjugates. 
Proteins, peptides, hormones, cytokines, small molecules or the like that bind to specific ceE 
surface reenters that aire internalized sifter Hgaad binding may be used for mtmceltater 

10 targdhig of conjugated thOTpeutic ompiA TypicaMy 9 flue ireceptor-ligand complex is 
internalized into intace War vesicles that sore delivered to specific cell compartments, 
iBctadings but not limifcsdL to, the nucleus, mitodiiondiria, gaigi, ER, lysosome^ md ©udosom^ 
depawSkg on t£ne intracellular location Itage&ed by the inecqstar. By conjugating the mc^ptor 
ligand wiih the desired molecule, tine drug will be carried with the xeceptor-ligand complex 

15 -andbeddiveredto&eintiacelhto The ■ 

drug can Sherefore be delivered to a specific intracellular location in the cell where it is 
needed to treat a disease. 

Many proteins may be used to target therapeutic agents to specific tissues and organs. 
Taicg^HOgpnjtidns instate, bunt sm not limited to, gpowttn factors (EPO s HGH, BGF, n^ve 

20 growflh ftctor, FGF, among otters), cytolrines (GM-C&F, G-CSF, the intecfmxn family, 
inteiasldns, among otters), honmones (FSBL, LH, the stooid families, estrogen, 
corticosteroids, insuKn, among otters), serum protdms (albumin, %opmtdns, fetoprotein, 
IhmmBCT ssnm protmus, antibodies md fiagmsnite off antibodies, among otters), and vitamins 
(folate^ viSa^ Targeting agrats are available that are specific 

25 i^rei^oirsoEBm^cdlst^pes. 

Contenplated linkage configurations include, but are not limited to, pxotein-sugar- 
liak^-sug^-piotem and multivafcst forms thereof*, protda-sugs^-linlfe-protein and 
multivalent fiosms thereof protein-sugar-linkar-th^^eutic agent, where the therapeutic agent 
includes, but are not limited to, small molecules, peptides and lipids. In some embodiments, 

30 ahy&olysable inter is used that cast be hydrolyzed once ktemlized. An acid labile finks' 
can be used to advantage where th@ protean conjugate is internalized into the endosomes or 
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Sysasomes which have am acidic pBL Once internalized into the mdtosom© ot lysosome, the 
Hater is hydxolyzed and the thesapratic ©gsnifi: is released fern th© testing agssat 

M m esmiptey mitediiii^ toasferk is coojugsfed via a Hmto to an eazyme 
desired to be targeted to a <^ thai preseate Iliepatieat 

5 could, for example, meqiaire enzyme rqplacemeiat the^ ffia 
particularly preferred embodiments, the enzyme is one that is lacking in a patient with a 
lysosomal storage disease (see Table 4). Once in ciraala&on, the toisSmn-oizyme 
conjugate binds to tr^femn ir©cqptors md is internalized in eariy (mdo&onies (Xing eft aL, 
1998, Biocten. J. 336:657; La dt aL, 2002, Treads mPhanncoL ScL 23206; SuMla et aL, 

10 1998, J. Bloi OmsL 273:14355). Otter cootenplatod targeting agsants that are related to 
teansferfnim^tade, brat aire not limited to, lactotaosfem (hctoferriia), melanotoansifem 
(p97), ccanah^laapain, and dxrolra.11 cation trssispoxter. 

In another e&etmptay CTubcdmra^ tmfbsiiiw^ COTrjBgate would ©ate 

eandosoxnes by the transferrin pathway. Once there, the dystrophin is released due to a 

1 5 ' hydtolysable linker which can then be taken to the intracellular compartment where it is 
required. This embodiment may be ms©d to toeai a p&tieM: with nrasciriar dystrophy by 
supplementing a geaaetically defective dystrophin g?ene ssmS/ot prateim with &e fmnctional 
dystrophin peptti^ 

20 R Tlwm^c Moieties 

In another preferred eanbodiment, the modified ragar inctades a tfoersgpestic moiety. 
Those of sSdll in flhs art wffl appelate that th^ is overlap betwesni the category of 
ttarapeaiitic mafeftks mod Mdmolecrfes; iroiy biomoleceles have thejapeaatic piircpejties or 
pctemtiM. 

25 The ter^pCTfic moires can be agents already acosptai far clinical uas© or they can be 

drags whose usse is es^p^Maenitall, or whose activity or mechanism of action is mite 
' investigation. Ite therapeutic moieties can have a piovm action inagiveadiseasestatoor 
can be only hypothesized to show desir^le action in a gavm dise^e state, Inapreferai 
embodiment!, the therapeutic moires are compoimds, which ase being schemed for their 

30 abilitytointer^wiiiiatissc^of choice. Therapeutic moieties, which ar©nse&l in practicing 
the instant invention include drags fram a broad range of drag classes having a variety of 
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ptaomcologic&J activities. M some embodiments, it is proferrod to bs© therapserfcic moieties 
tihat ax© not susgsnrs. An e&cqption to &is preferac© is the mss of a sugar* that is modified by 
covalent attachment of anofltar entity, such as a PEG, bicmoleaate, flteapeaKtic xndety, 
diagnostic moiety and the like. 'In another exempt 
5 moiety is conjugated to a linker asm and the sugar-linker arm cassette is subsequently 
conjugate! to a peptide via a method of the mvenMon. 

Methods of conjiigating ih&sapax&z and diagnostic agents to various ote speties are 
wdl known to those ofskM in fine art for example Hesmanson, BlOOomJOAUB 
TBOTHIQUBS, Academic Press, San Diego, 1 995; and Bran et aL , Eds. Polymeric Drugs 

HO And Drug Dbovery Systems, ACS Symposium Series Vol 469, American Qhanical 
Sodety, Washington, B.C. 1991. 

In an aimsplmy CTibcdsm^fl, the therapeutic moiety is attached to the modified sugar 
via a linkage that is c!esv©d undfsr selected conditions. Exemplary conditions kctade, fount sr© 
not limited to, a selected pH (e.g., stomach, intestine, endocytotic vacuole), the presence of 

15 an active enzyme (e.g*este^ Many 
cleavable groups are known in t3ne art to, far example, Svaaget aL 9 Biochem. Biaphys. Acta, 
7(61: 152-1(82 (1983); JosM <a? <sL 9 J. Biol Ckzm., 2fi&: 14518-14525 (1990); Zsrijng et aL , J. 
Immmol^ 1M: 913-920 (1980); Bouizar <s& aL 9 Em. J. Biocfosm., ASS: 141-147 (1986); Paak 
ei tsl 9 JL Bid Chem., Ml: 205-210 (1986); Browning et aL 9 J. JmmsmoL, 143: 1859-1867 

20 (1989). 

Classes of usefiol therapeutic ndi^ include, for e&ample, non-steoidal anti- 
inflammatory drugs (NSAHJS). . The N§ AIDS can, fiur example, be selected ftom the 
Mowing categoric: (<&#., propionic acid derivative, acetic add derivatives, fenanric add 
dsiivatives^ l^hsiij^lcsifeosyllijC add derivatives and ossc asns) ; steroidal gtrnritii'- jnrn'iFn ^nrnTnffljg\flgp rry 

25 drugs frntchiidmg hydrocortisone and the Kke; adjuvants; anSihistaminic dtaag$ (&ff.p 
cMoxpkCTiianiiine, tr^rolidine); antita^ive dhnu^s (&#., destromeiShiosphan, codeine, 
carBmiphfiSDL gond casfe^apentan©); ant^sracMc drugs (<s*g> 9 me^dnlazine and trimeprazine); 
anticholinergic drugs {e.g. 9 scopolamine, atropine, homatropine, levodopa); anti-emetic and 
antinauseant drugs (e.g. 9 cyclrane, meclizine, dilospromazine, buclzine); anorexic drugs 

30 {&g. 9 ton^hetamine, pheratexmne, dilosphentenmine, fenfhramine); osatal stimulant drug? 
(&.£., amphetamine, mdhamphetamiine, dextroamphetamine and methylpheaidate); 
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aaitia^ytomiic drags (e#., propsnolol, procainamide, disopyramide, quMdine, es^asMde); p- 
adrenergiic blocte dmgs (eg;, metoprolol, acebutolol, betaxolol, labetaM ami timolol); 
cardiotonic dmgs (e#, milrinone, animione and dobuiamine); antihypertensive drugs (eg., 
enalapril, clonidine, hydralazine, minoxidil, guanadrel, guane$ridine);diuretic drags (eg., 

5 amiloride and hydrocMorolhiazide); vasodilator drugs (e#. s diltiazem, amiodarone, 
isoxsigsdne, nyMdrin, tolazoline and verapamil); vasoconstrictor drugs (eg., 
dihydroergotamine, ergotamine and mefflnylsergide); antiulcer dmgs (eg., ranitidine and 
dmetidine); anesthetic drags (eg., Hdocaine, bt^vacaine, cMoroprocain©, dabucaine); 
antidepressant dmgs (eg., imipraimine, desipramine, anritryptiline, norteyptiline); tranquilizer 

10 and sedative dmgs (eg., cMordiazepoxide, benacytyztae, foenzquinanoide, ftarazepam, 
hydroxyzine, loxapine and pomazbs); antipsychotic dmgs (eg;, cHorpmtMxeoit&, 
fih^henazine, haloperidol, molindone, tMoridazine and 1£ri£hM)p©razan©); anfimriraobM drags 
(antibEcteM, antiitagal, antiprotozoal and antiviral drags). 

Classes of useful therapeutic moieties mclnde adjuvants. The adjuvants can, for 

15 Example, be selected fom keyhole lymphet hemocyanin conjugates, nionophosphoryl lipid 
A, mycoplasmfrdcrived lipopeptide MALP-2, cholera toxin B subunit, Escherichia coti heat- 
labile toxin, universal T helper epitope from tetanus toxoid, inteiecikin-1 % QpG 
ohgodeoxyniiicleotidfis, dimdh^octadecj^ammonium bromide, cyclodesstrin, squalene, 
alunraum salts, Em^rimgococcsl outer membrane vesicle (OMV), montamde ISA, TiteMax^ 

20 (available fiom Sigma, St LonrisMO), mteceMose absorption, inmun&^timulating 
complexes such as Quil A, Gsrbu™ adjuvant (Geribra Biotedsnik, Kirchwald, Gssmmy), 
threonyl misramyl dipeptide, thymosin alpha, bupivacake, GM-CSF, Incomplete Fmrarfs 
Adjuvant, MTP-PB/MF59 (Gflba/Geagy, Basel, Swtedmid), polyphosp^^ saponin 
derived fom «h© soapbasft: tiroe QtMcya sapomna* and Syntex adjuvant feonuMon 

25 (Biorihae, Emeryville, CA), among others well taiown to those in flu© art 

AntimiCTobM dnn^ which are preferred for incorporation into th© presraft 
' composition include, for example, pharmaceutical^ acceptable salts of fMactam drugs, 
quinolone drugs, ciprofloxacin, norfloxacin, tetracycline, eiylhromycin, amikacin, triclosan, 
doxycycline, capreomyriin, chlorhexidine, cMortdracycline, oxyteiracycline, clindmycin, 

30 elhambutol, hexamidine isothionaie, metronidazole, pentamidine, gentamycin, kanamycin, 
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lineamytrin, metisacycline, me&eaanme, minocycline* neomycin, netilmicin, paromomycin, 
str^tamycin, tobOTnycsB, micoMzol© sad amantadine. 

0£foer drag moieties of to© in practicing the present invenition include rfneopfestic 
drugs (e.g., antiaadrogens (e.g. 9 leuprolide or flutamide), cytocidal agents (&.&., adriamycm, 
5 doxorubicin, taxol, cyclophosphamide, busulfin, dsplatim, P-2-interfeKon) mti-estrogras 
(&#., tamoxifen), antimetabolites ffluorouracil, methotrexate, mereaptopurine, 
thioguanine). Also isiicludedlwMim&is class are iradioisotope-basedag^^&rbofihL 
diagnosis and therapy, and conjugated toxins, such asririm, geldanamycin, mytansim, CC- 
1065, C-1027, the <hM>camycins, caEcheamycin and related structures and analogues llhereof 

10 Use therapeutic moiety can also be ahonnone {e.g. 9 medroKypHjgestome, estradiol, 

leuproKde, megestoi octreotide or somatostatin); muscle relaxant drugs dmamedlme, 
cyclobenzaprine, fflarosate^ oxpltaiadrine, papaverine, mefeeverine, idavmne* ritodrine, 
diphenoxylate, dantrolene and azumol©*); antispasmodic drugs; bone-active drugs (<&£., 
diphosphonate and phospkmoalkylphosphinate drug compounds); endocrine modulating 

15 'drugs contraceptives efliinodiol, ethinyl estradiol, nore&indrone, mesteanol, 
desogestrel, medroxyprogesterone), modulators of diabetes (e.g. 9 glyburide or 
cMoxpropasnide), anabolics, such as testolactane or stanozolol, androgens (e.g. 9 
metiiyltestostearone» testosterone or fluoxym^teone), antidiuretics desmopressin) and 
calcitonins)* 

20 Also of use m tine preset ravraticm are estrogsas {e.g. 9 dietiiyistilbesteDol), 

glucocorticoids (e.g. 9 tiamdnolone, betamethasone, ete.) andprogestesrones, such as 
nore&indraoe» ethynodiol, nortstimdron^ lenranosgestod; thyroid agists (e.g. 9 Motiiiyrenme or 
levofhyrexine) or antithyroid agents (e.g. 9 metiiimazole); mtihyjpsrpmlactmCTMc drugs 
cabergpKne); hormone suppressors {e.g. 9 danazol or gossnslm), oxytocics 

25 meOytergqeovine or oxytocin) and prosta^mdiinis, such as mioprestol, aJp&ostadil or 
dincprostane, can also be (Employed. 

Otho: useful modij^ing groups include immunomodulatmg drugs 
antihistamines, mast cell stabilizers, such as lodoxaznide and/or cromolyn, steoids (<ag-., 
triamcinolone, bedomethazone, cortisone* desameihasone, prednisolone, 

30 methyipssdnisolone, beclomethasone, or clobetasol), histamine H2 antagonists (e.g. 9 

famotidine, cimetidine* ranitidine), immunosuppressants (<&£., azathioprine, cyclosporin), etc. 
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Groins with mfa-Mtemms&wy activity, such as suKndac, etodobc 2 kefoprofea md ketorolac, 
are also of to©. Q&erdrugsof i^incoqrac^onwi^ 
to those of skill in the sat. 

F. Preparation of Modified gagas 
S Modified sugars useful in formmglihe conjugates of the invention are discussed 

herein. The discussion focuses on preparing a sugar modified raft a waters 
for clarity of ittBstration. ia particular, the discussion focuses on the preparaiicm of modify 
sugars thMinctade a poly(e^ Those of skill will appreciate that flue 

methods set forth herein are broadly applicable to flhe preparation of modified sugars, 
10 therefore, (Sue discussion should not be interpreted as limiting the scope of the invention. 

In general, the sugar moiety and the modifying group are linked together through Sue 
• use of reactive groups, which are typicaMytran^ 

organic fimctional group or unreacttive species. The sug^r reactive functional group(s), is 
located at any position on the sugar moiety. Reactive groups and classes of reactions useful 

15 in practicing the present invention are generally those that are well known in Sue art of 

biocanjugate chemistry. Qnrenfly favored classes of reactions available with reactive sugar 
moieties me Stose, which pmceed umder relatively mild conditions. These indude, but are 
not limited to nncleophilic substitutions (&£., reactions of amines and alcohols with acyi 
halides* active estes), electophilic substitutions (&g. P emamnne reactions} and additions to 

20 carbon-carbon and carbon-hetesroatoni multiple bonds {e.g. 9 Mchael reaction, Bids-Alder 
addition). These and other mseful reactions are discmssed in, for ecmnple* SwMh md March, 
Advanced Organic QamxsmY, 5th EdL, John Wiley & Sens, New York, 2001; 
Heamanson, BlOCONJUOAra TECHNIQUES, Academic Press, San Biego, 1996; and Forney et 
aL 9 Mommamm of Protons; Advances in Chemistry Series, Vol 198, American 

25 Chemical Society, Washington, D.C., 1982. 

Usefiri reactive functional groups pendent from a sugar nucleus or modifying gromp 
include, but are not limited to : 

(a) caxbosyl groups and various derivatives thereof including, but not limited to, 
N-hydroxysucdnimide esters, N-hydros^ * 

30 thioesters, p-nitrqphenyl esters, alkyi, alkenyi, alkynyl and aromatic esters; 

(b) hydroxyl groups, which can be converted to,^.g., esters, ethers, aldehydes, etc. 
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(c) haloalkyi groups, wherein the hqfide can do later (USD laced with a nucleonhilie 
gpmp such as, for example, an amine, a caiboxyiate anion, thiol anion, caibanion, or an 
alkoxide ion, (hereby resulting in the covalent attachment of a new group at the functional 
group of the halogen atom; 
5 (d) dienophile groups, which are capable of participating in Diels-Alder reactions 

such as, for example, maleimido groups; 

(e) aldehyde or ketone groups, such that subsequent derivatization is possible via 
formation of carbonyl derivatives such as, for example, imines, hydrazones, semicarbazones 
or <mmeg, or via such mechanisms as Grignard addition or aBcyilithhnn addition; 
10 (f) sulfonyihalide groups for subsequent reaction with amines, for example, to form 

sulfonamides; 

(g) thiol groups, which can be, for example, converted to disulfides or reacted with 
alkyi and acyi halides; 

(h) amine or sulfhydryl groups, which can be, for example, acyiaied, alkylated or 
IS oxidized; 

® alkenes, which can undergo, for example, cycloadditions, acylation, Michael 
addition, etc, and 

(|) epoxides, which can react with, for example, amines and hydroxy! compounds. 
The reactive functional groups can be chosen suditiiat they do not particqjate in, or 
20 interfere with, the reactions necessary to assemble the reactive sugar nucleus or modifying 
group. Alternatively, a reactive functional group can be protected from participating in the 
reacticm by the presence of aprot Those ofsItiU in the art understand how to 

protect a particular functional group such that it does not interfere with a chosen set of 
reaction conditions. For examples of useful protecting groups, see, for example, Greene et 
25 a£,PRoiEcnvB Groups mO 

In foe discussion that follows, a number of specific examples of modified sugars that 
are useful in practicing the present invention axe set forth. In tire exemplary embodiments, a 
sialic acid derivative is utilized as the sugar nucleus to which the modifying group is 
attached The focus of the discussion on sialic add derivatives itffor clarity of illustration 
30 only and should not be construed to limit foe scope of the invention. Those of skill in the art 
will appreciate that a variety of other sugar moieties can be activated and derivatized in a 
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manna* analogous to that set forth using sialic acid as an example. For example, numerous 
methods are available for modifying galactose, glucose, N-acetylgalactosamine and fucose to 
name a few sugar substrates, which are readily modified by art recognized methods. See, for 
example, Elhalabi etal., Curr. Med Chenu 6: 93 (1999); and Schafer et al.,J. Org. Chenu 
5 65:24(2000). 

In an exemplary embodiment, die peptide that is modified by a method of the 
invention is a peptide that is produced in mammalian cells (e.g., GHO cells) or in a transgenic 
animal and thus, contains N- and/or Olinked oligosaccharide chains, which are incompletely 
sialylatecL The oligosaccharide chains of the glycopeptide lacking a sialic acid and 

10 containing a terminal galactose residue can be PEGyiaied, PPGylatedor otherwise modified 
with a modified sialic acid. 

In Scheme 4, the manno samine glycoside 1 , is treated with the active ester of a 
protected amino acid (e.g. , glycine) derivative, converting the sugar amine residue into the 
corresponding protected amino acid amide adduct The adduct is treated with an aldolase to 

IS form die sialic add 2. Compound 2 is converted to the corresponding CMP derivative by the 
action of CMP-SA synthetase, followed by catalytic hydrogenation of the CMP derivative to 
produce compound 3. The amine introduced via formation of the glycine adduct is utilized as 
a locus of PEG or PPG attachment by reacting compound 3 with an activated PEG or PPG 
derivative (e.g., PEG-C(0)NHS, PPG-C(0)NHS), producing 4 or 5, respectively. 

20 Scheme 4 




CMP-SA-5-NHOOCa%NH — PPG 
5 
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Table 2 sets forth representative examples of sugar monophosphates that are 

derivatized with a PEG or PPG moiety. Certain of the compounds of Table 2 are prepared by 

the method of Scheme 1. Other derivatives are prepared by art-recognized methods. See, for 

example, Keppler et a/,, Gfycobiology 11: 1 1R (2001); and Charter et al. 9 Gfycobiology 10: 

1049 (2000)). Other amine reactive PEG and PPG analogues are commercially available, or 

they can be prepared by methods readily accessible to those of skill in the art 

Table ?,: Examples of snpar monophosphates that are derivatized with a 
PEG or PPG moiety 
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o (X 

HO JljIJ-^/Vo-^ HOOH 



o 



CMP-SA-5-NH-R 



o-f-o-~vAi 



CMP^reuAo^O-R 



NH2 
N 



The modified sugar phosphates of use in practicing the present invention can he 
substituted in other positions as well as those set forth above* Presently preferred 
5 substitutions of sialic acid are set forth in Formula 5. 
FormnlaS: 



R*-B 




in which X is a linking group, which is preferably selected from -O, -N(H}-, -S, 
10 CHfe-, and N(R>2, in which each R is a member independently selected from R*-R 5 . Hie 

symbols Y,Z, A and B each represent a group that is selected from the group set forth above 
for the identity of X. X, Y, Z, A and B are each independently selected and, therefore, they 
can be the same or different Hie symbols R l , R 2 , R 3 , R 4 and R 5 represent H, polymers, a 
water-soluble polymer, therapeutic moiety, biomolecule or other moiety. The symbol Rfi 
15 represents H, OH, or a polymer. Alternatively, these symbols represent a linker that is bound 
to a polymer, water-soluble polymer, therapeutic moiety, biomolecule or other moiety. 

In another exemplary embodiment, a mannosamine is simultaneously acyiated and 
activated for a nucleophilic substitution by the use of chloroacetic anhydride as set forth in 
Scheme 5. 
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Schemes 




The resulting chlonMlerivatized glycan is contacted with pyruvate in the presence of an 
aldolase, forming a chloro-derivatized sialic acid- The corresponding nucleotide sugar is 
5 prepared by contacted the sialic add derivative with an a ppropri ate nucleotide triphosphates 
and a synthetase. The chloro group on the sialic acid moiety is then displaced with a 
micleophilic PEG derivative, such as thio-PEG. 

In a further exemplary embodiment, as shown is Scheme 6, a marmo samine is 
acyiated with a bis-HOPT dicaiboxylaie, producing the corresponding amido-alkyl- 
10 carboxyKc acid, which is subsequently converted to a sialic acid derivative. The sialic acid 
derivative is converted to a nucleotide sugar, andthecaiboxyiic acid is activated and reacted 
with a nucleophilic PEG derivative, such as amino-PEG. 



Scheme 6 
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In another exemplary embodiment, set forth in Scheme 7, amine- and carboxyi- 
protected neuraminic add is activated by converting the primary hydroxy! group to the 
corresponding p-tohienesulf onate ester, and the methyl ester is cleaved. The activated 
neuraminic acid is converted to the corresponding nucleotide sugar, and the activating group 
5 is displaced by a nucleophilic PEG species, such as thio-PEG. 



Scheme 7 




10 In yet a further exemplary embodiment, as set forth in Scheme 8, the primary 

hydroxy! moiety of an amine- and caiboxjd-protected neuraminic acid derivative is alkylated 
using an electrophific PEG, such as chloro-PEG. The methyl ester is subsequently cleaved 
and the PEG-sugar is converted to a nucleotide sugar. 

IS Scheme 8 



1. Pyridine 




Glycans other than sialic acid can be derivatized with PEG using the methods set forth 
herein. The derivatized glycans, themselves, are also within the scope of the invention- 
20 Thus, Scheme 9 provides an exemplary synthetic route to a PEGyiated galactose nucleotide 
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sugar. The primary hydroxy! group of galactose is activated as the corresponding 
toluenesulf onate ester, which is subsequently converted to a nucleotide sugar. 



Scheme 9 



HO 

UXP, 
UDP-£fncttepjm 



HO OH 
HS^°^V 



0*Hl Or*Hi 



NH 



hooh 

Scheme 10 sets forth an exemplary route for preparing a galactose-PEG derivative 
that is based upon a galactose-6-amine moiety. Thus, galactosamine is converted to a 
nucleotide sugar, and the amine moiety of galactosamine is fonctkmalized with an active 
10 PEG derivative. 

Scheme 10 

OtOftfc 

a*J*h - A<rD Ll^o _ 2 



IB 

BOP 



HO OH 



c 



O _ n m = O-10 

ho h*" — ^ 



0T*Nb 

HO OH 
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5 



Scheme 11 provides another exemplary route to galactose derivatives. The starting 
pointfbrSdiemellisgala0tose-2-amin^ Ik© 
amine moiety of the nucleotide sugar is the locus for attaching a PEG derivative, such as 
Methoxy-PEG (mPEG) caiboxylic add. 



Scheme 11 

OK/M 



HOA, ^Sr OH UDP-gabctasepyro^ O^N^Po^ S^O 



O 



HO OH 



BOP 



HO JOH 



HO OH 



Exemplary moieties attached to the conjugates disclosed herein include, but are not 
10 limited to, PEG derivatives (eg., acyl-PEG, acyl-alkyl-PEG, alkyl-acyl-PEG carbamoyl- 
PEG, aryl-PEG, alkyl-PEG), PPG derivatives {eg., acyl-PPG, acyl-alkyl-PPG, alkyl-acyl- 
PPG carbamoyi-PPG, aryl-PPG), polyapartic acid, polyglutamate, polylysine, therapeutic 
moieties, diagnostic moieties, mannose-6-phosphate, heparin, heparan, SLe*, mannose, 
mannose-6-phosphate, Sialyl Lewis X, FGF, VFGF, proteins (e.g., transferrin), chondroitm, 
15 keratan, dermatan, dextran, modified dextran, amylose, bisphosphate, pory-SA, hyaluronic 
arid, keritan, aB ramm, integrins, antennary oligosaccharides, peptides and the like. Methods 
of conjugating the various modifying groups to a saccharide moiety are readily accessible to 
those of skill in the art (Poly (Ethylene Glycol Chemistry : Btotechnicaland 
Biomedical Applications, J. Milton Harris, Ed., Plenum Pub. Corp, 1992; Poly 
20 (Ethylenb Glycol) Chemical and Biological Applications, J. Milton Harris, Ed., ACS 
Symposium Series No. 680, American Oiemical Society, 1997; Hermanson, BlOCONJUGATB 
Techniques, Academic Press, San Diego, 1996; and Dunn et aL, Eds. Polymeric Drugs 
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AhdDRIKjDeiivmy SYSmas, AOS Sympoaiiim Series Vol 469, Ahem Ctanical 

Society, WffisSmgtoM, D.C. 1991). 

Pinrifi^on of msanL mcleotide gqgaas and derivatives 

The nucleotide sugars and derivatives produced by the above processes can be ussed 
5 mtoirtprificaiion. However, it is usi^y prefer^ Standard, weH- 

Mow techniques fbsr recovery of glycosylated saccharides such as fifa™ or nMck isysr 
chi©mstograp>hy, cdhsxMR chromatography, ion exchange cihroniatogiixijpfcy, or niCTubrssi© 
filtatica csm be nisedL ffi is preferred to mse mraibrane ffltratioBj, moire pirefer&bly nnffliziiDig a 
reverse osmotic m&obrane, or one or more column chromatographic tedhniqaes for the 

10 mec© ve^y as is disosssed faemmfte and in ft© Iterate© cited hemn. For insfcanc©, membrane 
filtration wherein, ft© inanbraintes have molecular weight OTtoff of afcorat 3000 to abortt 10,000 
can be med to ranove poteks for xe&gents having & moleadsr weighs of less ft&n 10,000 
Da.. MCTibrEinie ffltratiom oir meverse osmosis can ftsni be issed to E&nove salts ssmJ/ot puriify 
the product saccharides (see, e.g. p WO 98/1 558 1). Nanofilter membranes sons a class of 

15 <sev@se osmosis membranes that pass monovalent salts but re&rin polyvalent salts and 
landbaigedsotatesl^^ 

membrane us^ Thus, in a typical application, sacdaaridespa^^ 

present invratioBi will fee retained in the membrane and contaminating salts will pass throEgJhi. 

20 C flmwa^frmrc Oxmwm 

E^arationofftemodffied sugar 
includes atehrn^ of a moditfyi^ gro^p to a sugar rata and forming a stable addtact, • 
wMdhi is a substrate ita^ Thus, it is ©tf^ 

Ifrgnfcinnig agisnt to conjugate the modhfyopg gjnousp andl 13b© sugasr. Es^io^la^lbiftejsSional 

25 compounds which can be mod for attaching modiiiyiing groups to caabohydrate moieties 
kctade, bust ame not limited to, bifimctional polfy{eftyfa© glycols), polyraiiides, polyesters, 
polyesters and the like. General approach for I Mring ca^hydrates to otfte molecules era 
known in the literature. for example, Lee et aL, Biochemistry 28: 1856 (1989); Bhatia 
dl, Biochem. 178:- 408 (1989); Janda <ztaL 9 J.Am. Cksm. Soc 1112: 8886 (1990) and 

30 BednarsMe* aL, WO 92/18135. Ihftediscusaonthatfo 

as benign on the sugar moiety of the nascent modified sogar. Hie focus of fte discission is 
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four clmky of Mrata&ioxL Tfcoseof Mktksiwlfjra^ 
relevant to reactive graaps cm the modifying gprnp m well 

An exemplary strategy iinvolves incorporation of a pro toted srifhydryi onto flh© sugar 
rasing the hetoobifimctioBal cmosslisker SPBP (n-miicGmMdyi-3^2-^^ 

5 and then depiotecting the sulfhydry! for fomustion of a disulfide bond with another siirifoydryi 
on the modify^ group. 

If SPDP detrimentally affects the abiMty of Hhs modified sugar to act as a 
giycosyteansferase substrate* on® of an array of otter carosslinkeirs such as 24immothiolsne or 
N-succininaidyi S-acetyfflbioacdtate (S ATA) is rased to foron a disulfide bond. 2- 

10 jminotMolane reacts with primary amines,, msftartly jnosogpcrafting an mparotested suliEhydryl 
onto fiie amin©HcoMaMMSig mo1©ot!©. S ATA also with primary amineSp tali 
incorpoirates a protected sulflhydryi* which is later deacdylated nmmig hydgosylamfa© to 
produce a free suMhydryi In each case*, fee konorpoiratol simliBkydkyl is fees to react wife offimar 
sulffaydryls or protected sulfhydryi, like SPDP, forming the required disulfide bond. 

15 The above-described strategy is ex&nplary., and not limiting, of linkers of use in the 

invention. Other crosslinkeirs are available be wed m differ^ strategies 

cmsslMrin^ For ©sample,, WCH(S^2^cpyrid3^HL- 

cystein© hydrazide and TPMPH ((S^2^opyridy31) roofin^ti^^ react with 

ca^hytate moM^ that have bem previously ©xddfesd by mid psriodate toeataenS, thus 

20 fasniBg a hydzazone bced bdlweoa flue hydride portion of flue (crosslink and the pmodate 
generated aldehydes. TPCH and TPMDPH intodtac© & 2ipyridyffiidone protected suMhydryil 
gra^ canto the 

cangng^mL, such as fcming disulfide bonds between coraiponCTSs. 

If disulfide bonding is fomd Bnsmftable far pmdEdng stable modified m^sm^ oflter 

23 crosslirikers may be rased that incoipoirate more stable bonds betwem coznponeits. 'Hie 
heto^bifenctaonal crasslinkers (MBS (M-g^ni^malW and 
SMOC (sucrinimidyl 4-(NHa^eimido-^^ react with primary amines, finis 

introdudngamdeiimidegro^ The maleiniide group can subsequently 

react with suUhydryls on the other component, which can be introduced by previously 

30 mentioned carosslinkers, thns fomri^ If 
steric hindrance between components interferes with either component's activity or the ability 
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of the modified sugar to act as a glycosyiteansfease substrain cmsslintas c^beiasM wMch 
mtrodtace long spacer amis between componCTte and inctode dedvsSives of some of 
previously mentioned crosslinkers SPBP). Thus, tfhere is en abmdmc© of suitable 
crosslinkeas, wMch arc useful; each of which is selected depending or the effects it has on 
5 optimal peptide conjugate and modified sugar production. 

A variety of reagents are used to modify the comjxinmteof^e modified sugar wi& 
intramolecular chemical crosslinks (for Reviews of cmsslinkmg reagesats and crosslinking 
procedures see: Wold, P., Metk EnzymoL 2§: 623^651, 1972; Weetai, EL H., and Cooney, B. 
A., In: ENZYMES AS DRUGS. (Holceriber& and Robots, eds.) pp. 395-442, Wiley, New York, 

10 1981; Ji, T. H., Mesh. EmymoL 31: 580-609, 1983; Maffison et ei, MoL Biol Sap. 17: 167- 
183, 1993, all of which are incorporated toeinlby referee). Pirefennad m^lfaBrfaig inaagrenifet 
are derived from various zero-length, homo-bifunctional, and hetem-foiita^ arossKnMng 
reagents. Zem-kngth crosslinking reag«ts includ© direct conjjugataoo of two intrinsic 
chemical groins with no introduction of extrinsic material Agents that catalyze formation of 

IS 1 a disulfide bond belong to this category. Another example is reagents that induce 
condensation of a cazboxyl and a primary amino groii^ to fecm an amide bond such as 
cas&odiimides, ethylcMorofoma^ Woodward's reagent K (2H^^5^hm^Iisom^lium-3 - 
sulfonate), and carbon^diimidazola In addition to these chemical reagents, fifae enzyme 
ts^gtata (glitonyl^pq3?tid© y-gtatamylte^ EC 23.2.13) may be used as 2m- 

20 lengfth crcssKnMng reaggmt. TMs enzyme catalyzes acyl tmisfe rt^ctioinis at casboxamide - 
groups of protem-bound gtutamimyl residues, usually with a pnmary fflnintiQ gjroup as 
substrate. Prefered homo- md teta^ifenctional meagmts contain two identical oar two 
dissimilar sites, respectively, which may be reactive for amino, smfflnydryll, guassidino, indole, 
or nonspecific groisps. 

25 

2. Preferred Specific Sites in Q nmwItnlmip rReajgBate 
a. Ammo-Reactive Groups 
In one preferred embodiment, the sites on the cross-linker are amino-reacflive groups. 
Useful non-limiting examples of amino-reactive groups include N-hydroxysucdnimide 
30 (NHS) esters, imidoesters, isocyanates, acylhalides, arylazides, p-nitoophenyi esters, 
aldehydes, and sulfonyl chlorides. 
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NHS ©stes msact prefomiifeily with &e primsay (irMi Wmg ^raiaiic) msm® grouups of 
a modified segsar coinsponessL The midasole groups of MstidiBss sre faiowsii to comipeie with 
primary amino for reactiaH, toft As meaction products as© rastsMe snnid msadily hyitoly^sd. 
Hie reaction involves the mcIeopMlc stock of aa amine <tm the add casbosyl of m NHS 

5 ester to fomm amide* Measingte Tims, theposfflvedjargeofthe 

original smsBD grousp is lost 

Emidoesters are tfhe most specific acylatmg reagsnts for reaction with the amine 
groups of nine modified smgar componeasts. Alt a pH between 7 sad 10, imidoeste react only 
wife primary amines. Primary mines stock imidates micleophiBcally to produce m 

10 intemedisite thai faeafes down to ^id™* at high pM or to a loew imidat© ait low pBL Hhemew 
imidate cam react with amotherprim^amitt^ Abbs crossfflriiriflgtwo mmmo grocgpg, ac&s© of 
a piDfotivelly inimiiofimcSosiial fenida£© re&ctisig Mfom^oBaSly. Ttos pmcspal prafcsft of 
reaction wiffla pinniasy anoiaes is m amiidftnie that is a stomgs: base HSmi the origkal amm©. 
The positive charge of the original amino group is therefore retained. 

15 bocym&ta(aiid^^ 

components to finm stable bonds. Thsk ireactions wfflu salAydryl, imidazole, md tyrosyi 
groups give relatively notable prodtocts. 

Acstaades are also uased m smimo^ssffic ineagCTts in which MBcleopMKc am&nies of 
fiieaiBMiyra^^ 

20 pH8.5. 

A^QhafidbssiQidfaLas 

ammo grasps ad tyrosime phenolic grasps ofuBodffied mgar coinaipoiniratSj, fast also with 
smlfhyfeyl sEd-EEMdazole groups. 

p-Nitrophjsniyi estess of bmsmj- assd dscarbosylic acids are also Bsefisl am&MHr^c^v© 
25 groups. AMzomij^bL irteogss^ ^ecMciiy s^ot v^ry M^n, &and s^oismso g^o^ps sj^TP®^ ^ 
react saost rapidly. 

Aldehydes much as gjutaraldehyde met with primary amines of modified sugar. 
Although mistebl© Schiff bases are jSHmedioponreacdoaoftheamiBO gro^s with the 
aldehydes of the aldehydes, gtotaraldehyde is capable of modifying the modified sugar with 
30 stable crosslinks. At pH 6-8, the pH of typical crosslinkkg conditions, the cycEc polymers 
undergo a dehydration to Sdhifif bases, however, 
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are stable, when conjugated to another double bond. Hie resonant interaction of both double 
bonds prevents hydrolysis of the Schiff linkage. Furthermore, amines at high local 
concentrations can attack the ethylenic double bond to form a stable Michael addition 
product 

5 Aromatic sulfbnyl chlorides react with a variety of sites of the modified sugar 

components, but reaction with the amino groups is the most i m portant, resulting in a stable 
sulfonamide linkage, 

h. Snlfhydrvl-Rsactive Groups 
10 In another preferred embodiment, the sites are sulfhydryi-reactive groups. Useful, 

non-limiting examples of sulfhydryi-reactive groups include maleimides, aDcyi halides, 
pyridyl disulfides, and thiophthalimides. 

Maleimides react preferentially with the sulfliydryi group of file modified sugar 
components to form stable thioether bonds. They also react at a much slower rate with 
15 primary amino groups and the imidazole groups of histidines. However, at pH 7 the 

malehnide group can be considered a sulfhydryi-specific group, since at this pH the reaction 
rate of simple thiols is 1000-fbld greater than that of the corresponding amine. 

ADcyi halides react with sulfliydryi groups, sulfides, imidazoles, and amino groups. 
At neutral to slightly alkaline pH, however, alkyi halides react primarily with sulfhydryi 
20 groups to form stable thioether bonds. At higher pH, reaction with amino groups is favored 
Pyridyl disulfides react with fiee sulfhydryls via disulfide exchange to give mixed 
disulfides. As a result, pyridyl disulfides are the most specific sulfhydryinreactive groups. 
Thiophthalimides react with free sulfhydryi groups to form disulfides. 

25 c. Caiboxvl-ReactiveResidne 

lot another embodiment, carbodiimides soluble in both water and organic solvent, are 
used as caiboxyl-reactive reagents. These compounds react with fiee caiboxyl groups 
forming a pseudourea that can then coupled to available amines yielding an amide linkage. 
Procedures to modify a carboxyl group with carbodiimide is well know in the art (see, 

30 Yamada et aL 9 Biochemistry 20: 48364842, 1981). 



-188- 




WO 03/0311464 



IPCT/raD2/32263 



• 3. Pretod Nonspecific Sites a CmsslfaldngRea^te 
In additi on to the rase of site-sp ecific active moieties, the present invention 
contemplates the use of non-specific reactive groups to link the sugar to the modifying group . 
Exemplary non-specific cross-liintos iocMe photoactivatable groups, completely 
5 inert in the dark, which are converted to reactive specie upon absorption of a photon of 
appropriate energy. Inoneptefeaxedembodm^ 

precursors of mitaies generated vpon he&ting or photolysis of azistes. HectoBKtefident 
nitrmes are extremely reactive and can react with a variety of chemical bonds including N-H* 
O-H, C-H, and G=C. Although three types of azides (aryl, dkyi acyl derivatives) may 

10 beemployed, ar]dazidesarepr^CTtlypTBfemL The activity of ssrylazades upon photolysis 
isbettewithN-HandQ^^ Mectoomteficknt arylnitxenes rapidly ring- 

expand to ten dehydroazepines, which tend to react wish miicleopWles, rather than form C-H 
insertion products. The reactivity of ajrylazides cm be increased by fee piresesnce of dectom- 
withdrawing substitnents such as nitro or hydroxy! groups in the ring. Such substitutes push 

15 the absorption maximum of arylazides to longer wavelength. Unsubstituted arylazides have 
an absorption maximum in the range of 260-280 mi, while hydroxy and nitroarylazides 
absorb significant light beyond 305 ml Ttaefoire, hydroxy and nitooarylazides aire most 
preferable since they allow to eamploy less harmM photolysis conditions for fine affinity 
connponrat tlhan imsubstituted airyilazidles. 

20 In another preferred OTibodiment, photoactivatable groups are selected ffioun 

ftoorinated arylazides. The photolysis prodsacts of ftaorinated arylazides are aryMtrenes, all 
of which radergo the characteristic reactions of this group, including C-H bond insotionp 
with Ugfr efficiency (Keana <st aL 9 J. Org. Cbsm. SB: 3640-3647, 19S0). 

M another ©nbodfcnrat, photoactivatable giroups are selected ficm benzoptognone 

35 residues. Beazophenone reagents genially give Mghfir crosslinking yields than aaylazide 
. meageats. 

In another embodiniCTt, photoactivatable groins are selected fflom diazo compounds, 
which form an electron-deficient caxbeae upon photolysis. These caxfoenes undergo a variety 
of reactions including insertion into C-H bonds, addition to double bonds (including aromatic 
30 systems), hydrogen attraction and coordination to nucleophilic rata to give carbon ions. 
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M stil smote: cmbodmra^ photoacdvaSable graraps a?e selected fern 
diazopyravates. For (SJiample, flie p-Bteopheayl este: of p-eitecpha.^ (ilaso^yravste nmdts 
wish aliphatic amkes to give diazopyravic acid amides that imfago Btaviotet photolysis to 
formaldehydes. The photolyzed diazopymvate-modiified aiMtycoia^Mm^wjllreaciHk© 
5 fonmalddiyde or glmtemldehyd© farming ctossIMb. 

4. HomobifcinctioaalReagmts 

a. Homobifirac&onal cross 
Sym&esiSp properties, and a^McafioBS of anune-reactive gtoss-Wdsts 
1 0 comme*cisfly described in flhe literate© (Jfoir mme^s of cso^Uiog pm c©dtanss and sra&geanGs* 
see above). Msaiy ireags&Ss sens available (<2.#.j> Pierce Chemical Gun3qpmy P Rodkfcjrf, 1L; 
Sigma Chemical Connpsmy, St Loris, Mo.; Molecolsr Psob^, foc^ Ruigeni©, OR.). 

PtefeEDsdlj, aoa-Mnritimg (SsaaEiples of homobiftoctioml WHS e&tes mctedl© 
disuccinimidyl gtatoate (DSG), disuccinimidyi subamte (DSS), bis(si!^osocciaimidyi) 
15 ' suberate (BS), distacciaimidyi fcartarate (DST), disulfoswHri^^ terterate (sulfo-BST), bis- 
2<sw5cinimidro^ bis^sulfosu^^ 
cadwmyiosy)s&3dsulfoB© (sulfo-BSOCOl^X Ayleme ^ycolbis(sssodmm 
(EGS), ethytenie gJyco!bis(si!iMbsi^^ 

20 Hivniitinnig e&mqplles of tanoiob^^ imidoestes iactade dtaneSiyl mMoffimridtete (OMM), 
dimdhyi smxkimidato (DMSQ, dme&yl adipimidato (DMA), dimdhyi pimdlimidste 
(BMP), dime&yil sAerimidsfts (DMS), <fc^yi-33 B -«J^^ (BOBP), 
dime$iiyi-33H™^ (DMDP), dhBtA^lr^ 

(danaelfo^ (BBBP), dimeSfo^ 

25 d^ropioMmMato (OTDP), aed dme%S-33^tMoH (DOTP). 

Prefepedy aoshlimitrng examples oftomobifimddoBM ifiothiocyamies imckade: p- 
• phe^leaediisotWocyaaate 
(DIBS). 

Prefteed, xion-limiting examples of homobifmctdoBsl isocya&ates iochade syim©- 
° 30 diisocyanate, tolhi@ie-2 9 4-dMsoc^ 
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mdfaoxyd9hCT^m^ane^,4 v Kliiso(7aaat^ 2^'-dicart)oxy-4,4 , -azophenyldi^^ and 
hexamethylenediisocyanate. 

Preferred, non-limiting examples of homobifimctional aiyihalides include 1,5- 
difluoro-2,4-dinitrobenzene (DFDNB), and4,4 , -dii^io-33 , '^^tn)phenyl-sulfi3na 
5 Preferred, non-limiting examples of homobifimctional aliphatic aldehyde reagents 

include glyoxal, malondialdehyde, and glutaraldehyde. 

Preferred, non-limiting examples of homobifimctional acylating reagents include 
nitrophenyl esters ofdicarboxylic acids. 

Preferred, non-limiting examples of homobifimctional aromatic sulfonyi chlorides 
10 include phenol-2,4-disulfbnyl chloride, and a-naphthol-2,4-disulfon>i chloride. 

Preferred, non-limiting examples of additional amino-reactive homobifimctional 
reagents include erythritolbiscaibonate which reacts with amines to give biscarbamates. 

b. Homobifimctional Crosslinkers Reactive with Fre e Sulfliy^n^ 
15 Groups 

Synthesis, properties, and applications of such reagents are described in the literature 

(for reviews of crosslinking procedures and reagents, see above). Many of the reagents are 

commercially available (<&gi, Pierce Chemical Company, Rockford, HL; Sigma Chemical 

Company, St Louis, Mo.; Molecular Probes, Inc., Eugene, OR). 

20 Preferred, non-limiting examples of homobifimctional maleimides include 

bismaleimidohexane (BMH), N,N'-{l,3-phenykae) bismaleimide, N,br-(1,2- 
phenyiene)bismaleimide> azophenyidimaleimide, and bis(N-maleinridomethyi)ether. 

Preferred, non-limiting examples of homobifimctional pyridyi disulfides include 1,4- 
di-3H2'^yridy!dithio)p^ 

25 Preferred, non-limiting examples of homobifimctional alkyl halides include 2^- 

dicarboxy^'^odoacetanudoazobCTzene, c^a'-diiodo-p-xylenesulfimic acid, a, a'-dibromo- 
p-xyienesulfonic acid, N^^is^-bromoethyQbmzylainine^ N^T- 
(h(bromoacetyi)phenyithydrazme, and l^-di(bromoacetyl)amino-3-pheny^>ropane. 
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c. Homobifunctional Photoactivatablft HmRRHnlcers 
Synthesis, properties, and applications of such reagents are described in the literature 
(for reviews of crosslinking procedures and reagents, see above). Some of the reagents are 
commercially available Pierce Chemical Company, Rockfbrd, HI.; Sigma Chemical 
5 Company, St Louis, Mo.; Molecular Probes, Inc., Eugene, OR). 

Preferred, non-limiting examples of homobifunctional photoactivatable crosslinks 
include bis-^4-azidosaHcylamido)dhyldisulfide (BASED), di-N-(2-nitn>^azidophpnyl> 
cystamine-S^-dioxide (DNCO), and 4,4'^thiobisphenylazide. 

10 5. HeteroBifimctional Reagents 

a. Am^^^^e HeteroBifimctional Reagents with a Pvridvl 
Disulfide Moiety 

Synthesis, pr op e rt ies, and applications of such reagents are described in the literature 
(for reviews of crosslinking procedures and reagents, see above). Many of the reagents are 

15 commercially available (e.g. 9 Pierce Chemical Company, Rockfbrd, HI.; Sigma Chemical 
Company, St Louis, Mo.; Molecular Probes, Inc., Eugene, OR). 

Preferred, non-limiting examples of hetero-bifunctional reagents with a pyridyl 
disulfide moiety and an ammo-reactive NHS ester include N-succmimidyl-3-<2- 
pyridyidithio)propionate (SPDP), succinimidyi 6-3-(2i?yridyldi^ 

20 (LC-SPDP), sulfosuccinimidyi 6-3-(2^yridyldithio)piopionamidoheyanoate (sulfb- 

LCSPDP), 4-sucrinimidyloxycai^^ (SMPT), and 

sulfbsuccinimidyi 6^Xrmediyl^^-pyridyldithio)tDhiamidohexanoate (sulfi>LOSMPT). 

b. Affi^^^'ve HeteroBif™'**™™ 1 tt«» psnts with a Maleimide 
25 Moiety 

Synthesis, properties, and applications of such reagents are described in the literature. 
Preferred, non-limiting examples of hetero-bifunctional reagents with a maleimide moiety 
and an ammo-reactive NHS ester include succinimidyi maleimidylacetate (AMAS), 
succinimidyi 3-maleimidyipropionate (BMPS), N- y-maleinMdobutyrsdoxysuccinimicfe ester 
30 (GMBS)N^-maleimidobutyryloxysulfb sucdnimide ester (suUb-GMBS) succinimidyi 6- 
maleamidylbexanoate (EMCS), succinimidyi 3-maleimidyibenzoate (SMB), 
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m-maleimidobenzoyl-N4iy^ ester (MBS), m-maleimidobenzoyl-N- 

hydroxysulfbsuaanimide ester (sulfb-MBS), guccinimidyl 4^-malennidomethyI}- 
cyclohexane-l-raxboxylate (SMCC), sulfosucdmmidyl 4^-maIedmidcmeaiyl)cycloliexane- 



1-carboxyiaie (sulfo-SMCC), succinimidyl 4^maleimidophaiyl)butyrate (SMPB), and 
5 sulfosucxrinimidyl 4^maleimidophenyi)butyrate (sulfb-SMPB). 



1 0 Preferred, nan-limiting examples ofhetero-bifunctional reagents with an aBcyi hafide moiety 
and an amino-reacti ve NHS ester include N-^ucdnimidyK^ 

(SIAB), sulfosuccinimidyi^4-iodoacetyi)anriM (sulfb-SIAB), succinimidyi-6- 

(iodoacetyl)aminohexanoate (SIAX), succinimid)i^(6-({iodoacet)d> 

amino)hexanoylamino)hexanoate (SIAXX), succinimid>i^((4<iodoac^>amino> 
IS meth)i)^yclohexan^l-caibon)d)ammohexanoate (SIACX), and succinimidyi-4<(iodoacetyl>- 

amino)methylcyclohexane-l -caiboxylate (SIAC). 

A preferred example of a hetejD-bifunctional reagent with an amino-reactive NHS 

ester and an alkyl dihalide moiety is Niydroxysuccinimidyl 2^-dibn>mqpropionate (SDBP). 

SDBP introduces intramolecular crosslinks to the affinity component by conjugating its 
20 amino groups. The reactivity of the dibromopropionyl moiety towards primary amine groups 

is controlled by the reaction temperature (McKenzie et aL, Protein Cherru 7: 581-592 



25 (NPIA). 

Other cross-linlring agents are known to those of skill in die art. See, for example, 
Pomatoe/al, U.S. Patent No. 5,965,106. It is within the abilities of one of skill in the art to 



* AminfrJRgtctiv e HrtCToCifim^gnal R eagents with m ATlryf Halide 
Moiety 

Synthesis, properties, and applications of such reagents are described in the literature. 




choose an appropriate cross-linking agent fin: a particular application. 
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la yeft a feather emtedim^ii, flhe Mrite group is provided wiA a group that cm be 
cleaved to release the modifying group ifrom the su^u residue. Msay cleavable groups roe 
loom in the sit to, for example, Jong dL, Biochem. Biophys. Ada 7(511: 152-162 (1983); 
5 Joshi eial 9 J. Biol Chem. 265: 1451844525 (1990); Zariing et al 9 J. Immunol. 124: 913-920 
(1980); Borazar <st aL 9 Bur. J. Biochem. 195: 141-147 (1986); Paxk et al s J. Biol Chem. 2(51: 
205-210 (1986); Browning al 9 J. Immunol. 143: 1859-1867 (1989). Moreover a broad 
range of cleavable, bifimctional (both homo- and taero-bito Hakes: groins is 

commmaaHy available l&om seppK®* soda as Pierce. 

10 Exemplary cleavable moieties can be cleaved uskg light, heat or nsagmte suck as 

thiols, hydro^lamine, bases, periodate and the like. Moreover,, cartain preferred groups are 
cloved m vivo in response to being endocytosed (e.g. , cis-aaraityl; see, Shmet al, Biochem. 
Biophys. Res. Commsm. W: 1048 (1991)). Preferred cleavable groups comprise a cleavable 
moiety which is a member selected from the group consisting of disulfide, ester, imide, 

15 carbonate, nitrobeazyl, pheaacyl and benzoin groups. 

e. Qminfiation of Modified Su^rs to Peptides 
Hie modified sugars are conjugated to a glycosylated or non-glycosyiated peptide 
using an appropriate ©azyme to mediate the conpgafcioHL Frefaably, tffli© comcoitaaioBS of 
20 tine modified donor sugars), ©mzyme(s) and acceptor peptides) anne selected such that 

$ycx)sylatiomprcx^©rilsra^ The oonsideirations disrated below, 

while set fbarth in the contest of a sialyteansfease, are generally applicable to otter 
^yoosj^tesnsfease reactions. 

A mranlbsr of meftodls of using gly^osyteamsfersis^ to synthesize desired 
25 oligosaccharide stairitaes asre known and are generally qppHcaMe to the instant: invention. 
Exemplary uneSfcods are described, for instaiice, WO 96/32491 ,Ito^< Pwre Appl Chem. 
(fES: 753 (1993), and U.S. Pat Nos. 5,352,670, 5,374,541, and 5,545,553. 

The present invention is practiced using a single glycosyiteaasferase or a combination 
of glycosyitransfeirases. For example, one can use a combination of a sialyltransfetase and a 
30 galactosyitransferase. In those embodimoxts using more than one enzyme, the oizymes and 
substrates are preferably combined in an initial reaction mixture, or the enzymes and reagents 
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for a second enzymatic reaction are 

resctimiscoinapldeoraeariycoJDpl^e. By conducting two enzymatic reactions in sequmce 
in a single vessel, overall yields are inipro ved over procedures in which an intamediiate 
species is isolated. Moreover, cleanup and disposal of extra solvents and by-pro<fcacts is 
5 seduced. 

In a prefered esnbediment, each of the first and second enzyme is a 
glycosyltmisferase. In another preferred emb^^ jh 
anottt®' preferred embodiment one ^izyme is an {gxoglycosidkge. In an additional prefaced 
embodiment, more than two enzymes are used to assemble the modified glycoprotein of the 
10 invention. The razymes are us©d to alter a saccharide sfoructae on the peptide at any point 
either before or alter flue addition of modified sugar to &e peptide. 

In smother embodiment, at least two of the mzymes'aie gltycosytansfeases and the 
last siagar added to «he saccharic Instead, 
the modified sugar is internal to the gjycan structure and th^ 
15 sugar on the glycan. M an exfOTm1l*?r» F enftodinioit, galactosyltransfearase may catalyze the 
transfer of Gal-PEG ftosn UBP-Gal-PBG onto the glycan, followed by incubation in the 
presence of ST3GaB and CMP-SA, which serves to add a "capping^ unmodified sialic acid 
onto the glycan (Figure 22A). 

In fifiooiffiBfir eambodime^ at least two of the enzymes used are glycosyitanisfaas^, and 
20 at least two modMed sugars are adM Mthisinaanne^ 
two or oiore diifaeaxt glycoconjugates may be added to on© ormcs'© gUycams on a peptide. 
This process generates glycan stmctaeslhavingtwo or more functionally differed modified 
sugars, in an exeamplbry enitodiment, incubation of the peptide with GnT-IJtt and UBP- 
GlcNAo-PEG serves to add a CTcNAc-PEG molecule to (Sue glycan; incubation with 
25 galactosytansferase and UBP-Gai then serves to add a Gal iresidmi© theroto; and, incubation 
with ST3GaS3 and CMP-SA-MaaHS-Phosphate serves to add a SA-manmose-6-pho^phate 
molecule to the glycan. This series of reactions results in a^ycan dh^ having «he 
functional characteristics of a PEGylated glycan as well as mannose-6^)hosphate targeting 
activity (Figure 22B). 

30 In another embodiment, at least two of the enzymes used in the reaction are 

glycosyltransferases, and again, different modified sugars are arik^ andQ- 
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linked glycans on the peptide. His earibodiniaiit is uaseffl whsm ttwo different modified 
se^ts are to fee added to the glycans of apeptid©» bui^rfMit 5s finaportsmt to spatially 
sep arato the modified sugars on the peptide from each other. For example, if lib© modified 
sugars comprise bulky molecules, including but not limited to, PEG and other molecules such 

5 as a link® molecule, this method may be preferable. The modified sugaas may be added 
simultmeomlytothegly^ 2h 
an exemplary embodiment incubation with ST3GaB and CMP-SA-PEG serves to add sialic 
acM-PBG to the N-liafod glycans, while incubation with §T3Gall and CMP-SA- 
bisPbosphonate serves to add sialylic arid-BisEhosphonate to the Q-Kmked $ycans (Figure 

10 22Q. 

M another ©ribcdiniOTt, the mdhod makes use of one or more <sko- or 
mdoglycosidase. The giycosidase is ty^^^ 

bonds mtottiimxupta©th®ffiL The mutant giycanase, sometimes called a glycosyniiha^ 
typically includes a substitution of an amino acid residue for an active site acidic amino acid 
15 'residue. For example* whm the 

will typically be Asp atposition 130, Giu at position 132 era combination thereof! The 
amino acids are generally replaced with serine, alanine, aspasagDBSj or gjiptenine. 
I&oglycosidases sach as tonsMyEdase ara also unsefuL 

20 analogous to the reverse reaction of the eaAglycsras© hydrolysis sftsp. Jm these 

©HfcodimratSp the glycosyl donor molecule (e.g. , a disked oKgs>- or mono-saccharide 
structure) contains a leaving gsroup and the ireaction proceeds with fee addition of the doner 
moleade to a GfcNAc residtoe on the pirotte&L For (ss&nsple, the living prop cm be a 
halogsni, such as Iroride. M oter ©inbodiMi^sfiSs t&e leaving grasp is a Asa, or a Am- 

25 peptiriterciioiety. In yet fitarihisr ©nobmimtsnilts, the GkMAc residue on the giyoosyl donor 
molecule is modified. For exaanple, the GlcNAc residue may compds© a 1,2 ©sazoMme 
moiety. 

In a preferred embodiment, each of the enzymes utilized to produce a conjugate of the 
invention axe presat in a catalytic amount The catalytic amount of a particular eazyzne 
30 varies according to the concentration of that oizyme's substrate as well as to reaction 
conditions such as tenperatoe* time and pH value. Means fordetamining the catalytic 
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amount a given enzyme under preselected substrate concentrations and reaction 
conditions are well known to feose of slrillinfoeart. 

The temperature at which am above-descnTK^mjcess is earned out can range feom 
just above fteszing to the temperature at which She most sensitive enzyme denatures. 
5 Preferred temperature ranges are about 0 °C to about 55 °C, and more preferably about 30 ° C 
to about 37 °C. In another exemplary embodiment, one or more components of She present 
method are conducted at an elevated temperature using a thermophilic enzyme. 

The reaction mixture is maintained for a period off tim^ 
he glycosylated, thereby forming the desired conjugate. Some off fee conjugate can often be 
10 detected after a few hours, wife recoverable amounteusualy being obtaM 
orless. llmse of smmfee art understand feai fee rate of reac^ 

of variable fectors (&g, enzyme concentration, donor concentration, acceptor concentration, 
temperatare, solvent vohmie^ 

The present invention also provides for the industrial-scale production of modified 
15 peptides. As used herein, an industrial scale generally produces at least one gram of finished, 
purified conjugate. 

5a the discussion that fellows, fee invention is exemplified by the conjugation of 
modified sialic acid moieties to a glycosylated peptide. The exemplary modified sialic acid is 
labeled with PEG. The focus of fee following discussion on fee use of PEGmodified sialic 

20 acid and glycosylated peptides is for clarity of illustration and is mot i 

fee invention is limited to fee comugationoffeese two partners. One of skill understands feat 
fee discussion is generally applicable to fee additions of modified gflycosyl moieties other 
ten sialic acid. Moreover, fee discission is apaKy applicable to fee modification of a 
glycosyl unit wife agents other fean PEG including other water-soloM© polymers, therapeutic 

25 moieties, and biomolecules. 

An enzymatic approach canbe used for fee selective introduction of PEG^ 
PPGylated carbohydrates onto a peptide or glycopeptide. The method utilizes modified 
sugars containing PEG, PPG, or a masked reactive functional group, and is combined wife 
fee appropriate glycosyltransferase or glycosynfease. By selecting fee glycosyltransferase 

30 that will make fee desired carbohydrate linkage and utilizing fee modified sugar as fee donor 
substrate, fee PEG or PPG can be introduced directly onto fee peptide backbone, onto 
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(sristmg sugar iresidnes of a glycopqptid© or canto sungsr nmdtoes tot have b®m adlded to a 
peptide. 

An acceptor for fee sMyitescisfeasse is preset on She peptide to be modified by &© 
meShods of tihe present invraldoia either sis a nataally coaming stracta© car one placed ttee 
5 mxsxabinasiffly, ezazymaticaltly or ctarnically. Suitable acceptors, mctorib,, for exasnplle^ 
galactose acceptors such as Galplp^GfcNAc* Gaipi s 4GaiNAc, GaipipSGalNAc, kcto-N- 
teta&ose, Gaipi^GfcNAc> Gaipi^Ara, G#l,6CHcMAc, Gaipi,4Gte (lactose), asdo«hsr 
acceptors known to those of skill in the art eg; , Paulson e&al t J. Biol Ckem. 2§3 : 56 17- 
5624(1978)). 

10 Eh ob© embodmCTtp m acceptor for the sMyitaisfaase is pzes^at mi the peptide to 

be modified upon m vivo synthesis of tike peptide. Snjdli petite cm fee sMyfated mkg fee 
claimed methods without; prior modification of flue glycosylates pattern of the peptide. 
Alternatively, the methods of fine kveatim caa be nased to sMyfafce a peptide ttafi doe® not 
include a suitable acceptor^ one first modifies the peptide to include an acceptor by methods 

15 known to those of skill in the art M an eranplary embodiment a GaM^ 
by (he action of a GalNAc transfease. 

In an eseo^tayambodmCTts tihe galactosyl acceptor is assembled by attaching a 
jp&lactose residue to an Tfibi© 
method inclta^^ 

20 suitable aanorai of a galactosyilto^^ (&g. 9 gaipi,3 oar gaip 1,4), and a siaitaMe galactosyl! 
dcmor(&^. 9 UDPiga]lactose). Tte jreactionis allowed to proceed sobstotkily to oon^Mon 
or, alternatively, tfihe reaction is bsnzninatod wten a pmssellectod eheotoJ of the galactose 
iresidae is added. O&^mdihods of a^embling a selected sasidharide acceptor "ot! be 
apparaittothoseofsM 

25 In yet another embodiment, peptide-limked oligosaccharides are first (5 %inffined P w 

either in whole or in pari, to espose tithes* an acceptor for the sialyltransfease or a moiety to 
wMch one or more appropriate resids^ Bsizysms 
such as glycosyltnonsferases and eodoglycosidases {see, for emmpSe U.S. Patent No. 
5,716,812) are useM for the attaci^^ A detailed discsassion of 

30 "trimxning^ and remodeling N4inked and O-Hnked glycans is provided elsewhere hemn. 
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to the discission fibsot Mows, the imeihod of the mvemMoa is ^emplified by the ose of 
modified suag^rs having a wate-soltoble polymer attached thereto. Ill© Sdcm of the 
discussioa is ifbr clarity of ilhasta&oa Those of sfrilfll will s^ppnsciate fat flue discussion is 
equally relevant to those embodiments in which fine modified sug^r bears a therapeutic 
5 moiety, biomoleoale or the like. 

An exOTjplasy emh®dfasmn& of the invention in which & caabohytate iresidtoe is 
"trimmed 95 prior to the addition of (Sue modified snugar is sd; foirflh in Figure 1 3 9 which sets 
jfb A a sctane in wMdh high msmose is trimmed back to the first gsnieiration Maatasnfisry 
stractore. A modified sugar bearing a wate-soWble polymer is conjugated to one or more of 

10 She sugar residues exposed by flue "kimmiinig back." to one essgnple* a wate-so Wble polyrmsr 
is added via a GlcNAc moiely conjugated to the water-soluble polymer The modified 
GlcNAc is attached to one or both of the teminal msamose iresidtass of the bianterary 
stroctae. Alternatively, an ramodffied GlcNAc can be add^ 
the branched species. 

15 In another exemplar embodimori,^ 

the terminal mannose residue of the biantenmary stractae via a modified sugar having a 
galactose resjdne» which is conjugated to a GlcNAc residue added ognto the teminal masmose 
residues. Alternatively, an ummodified Gal cm be added to on© or both tennnikal GfcNAc 
residmies. 

20 to yet a falter ©sample, a water-soluble polymer is added onto a Gal residee uaskg a 

modified sialic add. 

Another csemplasy embodiment is set SaA in Figure 14, which delays a sdasnni© 
similar to that shown in Figure 13, kwMch the 11^ 

the snaanose &®sn which the MaatainM to on© esasiaqple^ a wate-eoltabl© 

25 polymer is added via a GlcNAc modified wife the polymer. Affirmatively, an ramodffied 

GlcNAc is added to the nnannose, followed by a Gal with an attached watar-sotaMe polymer. 

to yet another embodiment, unmodified GlcNAc and Gal residues are sequentially added to 

the mannose, followed by a sialic add moiety modified wxtih a water-soWble polymer. 

Figure 15 sets forth a further exemplary embodimeiffit using a sdhsme Hmrrilar to that 
30 shown to Figure 13, in wMchM^ mannose is *%imme^ 

fiistmannose is attached. The GlcNAc is conjugated to a Gal Eesidue bearing a wato-sdhible 
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polymer. Alternatively, an unmodified Gal is added to the GlcNAc, followed by the addition 
of a sialic acid modified with a water-soluble sugar. In yet a further example, the terminal 
- GlcNAc is conjugated with Gal and the GlcNAc is subsequently fucosylated with a modified 
fucose bearing a water-soluble polymer. 
5 Figure 16 is a scheme similar to that shown in Figure 13, in which high mannose is 

trimmed back to the first GlcNAc attached to the Asn of the peptide. In one example, file 
GlcNAc of the GlcNAc-{Fuc) a residue is conjugated with a GlcNAc bearing a water soluble 
polymer. In another example, the GlcNAc of the GlcNAc-^uc)* residue is modified with 
Gal, which bears a water soluble polymer. In a still further embodiment, the GlcNAc is 
10 modified with Gal, followed by conjugation to the Gal of a sialic acid modified with a water- 
soluble polymer. 

Other exemplary embodiments are set forth in Figures 17-21. An illustration of the 
array of reaction types with which the present invention may be practiced is provided in each 
of the aforementioned figures. 
.15 The Examples set forth above provide an illustration of the power of the methods set 

forth herein. Using the methods of the invention, it is possible to "trim back" and build up a 
carbohydrate residue of substantially any desired structure. The modified sugar can be added 
to the termini of die carbohydrate moiety as set forth above, or it can be intermediate between 
the peptide core and the terminus of the carbohydrate. 

20 In an exemplary embodiment, an existing sialic acid is removed from a glycopeptide 

using asialidase, thereby unmasking all or most of the underlying galactosyl residues. 
Alternatively, a peptide or glycopeptide is labeled with galactose residues, or an 
oligosaccharide residue that terminates in a galactose unit Following the exposure of or 
addition of the galactose residues, an appropriate sialyltransferase is used to add a modified 

25 sialic acid. The approach is summarized in Scheme 12. . 
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Seheme 12 



Ji Gal— ^ 



.Gal 



Glycoprotein 



CMPnSA-5-NHCOGH 2 NH — PEG(PPG) 



Gl y c op r ot ein 



Stalyttransfoasc 



SA-5-NHCOCH 2 NH-PEG 



— SA-5-NHCOCH 2 NH-PEG 



SA-5*IHCOCH 2 NH-PEG 



10 



In yet a further approach, summarized in Scheme 13, a masked reactive functionality 
is present on the sialic acid. The masked reactive group is preferably unaffected by the 
conditions used to attach the modified sialic acid to the peptide. After the covalent 
attachment of the modified sialic acid to die peptide, the made is removed and the peptide is 
conjugated with an agent such as PEG, PPG, a therapeutic moiety, biomolecule or otter 
agent The agent is conjugated to the peptide in a specific manna- by its reaction with the 
unmasked reactive group on the modified sugar residue. 
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Table 3 



Q 



RrZ- 



UDP-galactDSB"dcrivativea 



NH 
N^O 




HO OH 



UDP-Ghicose-derivatives 




OT^Na or*Na 




HO OH 



o 



NH 



HO OH 

UDP-gabctosamixieKlerivatives 
(when A* NH,R4 may be acetyl) 

0"Na or^Na \] 
HO OH 

TOP-Olucosamine-derivalivcs 
(when A^NH,!^ may be acetyl) 

Ri*Jj*U-.M* A HO OH 

D I 2 " 4 * 3 CH>P^uooc»derivatives 



X - O, NH, S, CH2, N-(Rl-5^ 
Y=X; Z«X; A-X; B-X. 

Q=H2,0,S,NH, Na- 
il, Rj-4 - H, Linkcr-M, M 
M^Ugand of interest 



Iigand of interest « acy^PBQ, acyHTO, alkytPEG, acyWkyi-PEG, 
acyi-alkylPBG, carbamoyUPEG, caibanwyMPPG, PEG, PPG, 
acytey^PBG, acyi-eryU>PG, aryl-PEG, ayWPG, 
Mannose-gfhosphate, heparin, heparan, SLex, Mannose, FGF, VFGF, 
proton, cfaoodroilin, fcgatan, demmtou, albumin, integrals, pepti de s, 



In a further exemplary embodiment, UDP-galactose-PEG is reacted with bovine milk 
P 1,4-galactosyltransferase, thereby transferring the modified galactose to the appropriate 
terminal N-acetyiglucosamine structure. The terminal GlcNAc residues on the glycopeptide 
maybe produced during expression, as may occur in such expression systems as mammalian, 
insect, plant or fungus, but also can b e produced by treating the glycop eptide with a sialidase 
and/or glycosidase and/or glycosyttransferase, as required 
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In another exemplary embodiment, a GlcNAc transferase, such as GnTT-V, is utilized 
to transfer PEGylated-GlcNc to a maimose residue on a glycopeptide. In a still further 
exemplary embodiment, theN- and/or O-linked gtycan structures are enzymatically removed 
from a glycopeptide to expose an amino acid or a terminal glyco syi residue that is 

5 subsequently conjugated with the modified sugar. For example, an endogjycanase is used to 
remove the N-Knked structures of a glycopeptide to expose a terminal GlcNAc as a GlcNAc- 
Knked-Asn on the glycopeptide. UDP-Gal-PEG and the appropriate galactosyltransferase is 
used to introduce die PEG- or PPG-galactose functionality onto the exposed GlcNAc. 
In an alternative embodiment, the modified sugar is added directly to the peptide 

10 backbone using a glycosyltransferase known to transfer sugar residues to the peptide 
backbone. This exemplary embodiment is set forth in Scheme 14. Exemplary 
glycosyltransferases useful in practicing the present invention include, but are not limited to, 
GalNAc transferases (GalNAc Tl-14), GlcNAc transferases, fucosyitransferases, 
glucosyltransferases, xylosyitransferases, mannosyltransferases and die like. Use of this 

15 approach allows the direct addition of modified sugars onto peptides that lade any 

carbohydrates or, alternatively, onto existing glycopeptides. In both cases, the addition of the 
modified sugar occurs at specific positions on the peptide backbone as defined by the 
substrate specificity of the glycosyltransferase and not in a random manner as occurs during 
modification of a protein's peptide backbone using chemical methods. An array of agents 

20 can be introduced into proteins or glycopeptides that lade the glycosyftransferase substrate 
peptide sequence by engineering the appropr iate amino add sequence into the peptide chain. 
Scheme 14 

HQ 

O Piuieinor Glycoprotein 

GalNHCOCCH^NH-PEG 



HO 

Oa 




,NH 
PEG 



GalNH-COCCH^NH-PEG 



25 . In each of the exemplary embodiments set forth above, one or more additional 
chemical or enzymatic modification steps can be utilized following the conjugation of the 
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modified sug^ir to the peptide* Ik asn exemplary emlbodimeeBit, an ©jzynne (e.g. 9 
ifocosytansferase) is raed to append a glyoosyl raft foooss) onto A© faiM modified 
sugar attadiedl to &©pqjtide. In anotte example, an enzymatic reaction is utilized to "c^ 99 
sites to wMch&e modified sugar foiled to conjugate. Alternatively, achemical reaction is 

5 utilized to ate testractae of For example, the conjiiagated 

modified sugar is reacted with ageats thai stabifes or destabilize its linkage with the peptide 
component to winich the modified sugar is attached. In another example, a component of the 
modified sugar is deprotected following its conjugation to the peptide. One of skill will 
appreciate that fifaeme is an army of enzymatic and chemic&l procedures that &re BsefM k floe 

1 0 methods of the invention at a stags after the modified OTgar is conjugated to fine peptide. 
Further elaboration of Ate modified sugar-p eptide conjugate is within the scope of tine 
invention. 

Peptide Targeting Wfth Mamose^S-Phosphate 
la an exemplary embodiment the peptide is derivatized with at least one njamiose-6- 
IS -phosphate moiety. The mannose^5-phosphate moiety targes the peptide to a lysosomeofa 
cell, and is nnsefel, for example, to target therapecrtic proteins to lysosomes for therapy of 



Lysosomal storage diseases sons a grasp of ©vcsr 40 discrf^s which, are flue result of 



20 products within the lysosom^ of eels. Tile enzymai^ 

then recycled into new products. • Bach of these disorders resrite fitom an inherited aratosoiinM 

. . or X-MffilWinsc©^iv©.t^ which affects tfine le^efe of enzymes k the lysosom©. Generally, 
titer© is w> biological or tactions! activity of the affected eazyxnes in tShe ©ells said teres of 
affected iBdMdtoalSo Table 4 provides a list of rep^ssoiMive storage diseases end the 

25 eazymatic defect associated with the diseases, in smdhi diseases the deficiency k eazyme 
function creates a progressive systemic deposition o£%id or cssfeohydrato substrate m 
' lysosomes kceMsk the body, eventuaiy causing loss of organ The' 
genetic etiology, clinical manifestations, molecular biology and possibility of the lysosomal 
storage diseases are detailed in Scriver et al. 9 eds^ Tee Metabolic and Molecular Basis 

30 of Inherosd Disease, 7.sup.th Ed, Vol. H, McCfaaw Hill, (1995). 
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Table 4: Lysosomal storage diseases and associated enzymirfi c defects 



Disease 


Enzymatic Defect 


Pompe disease 




MPSI* (Hurler disease) 


c>L-idutunidase 


MPSH (Hunter disease) 


^i^mp^iffl^p sulfat&so 


MPSHI (Saiifilippo) 


heparan N-sulfatase 


MPS IV (Morquio A) 


galactose-6-sulfetase 


MPS IV (Morquio B) 


add P-galactosidase 


MPS Vn (Sly disease) 


p-ghicoroiudase 


I-cell disease 


N-acetylghicosaTmnft-l- 




FhoaphotEBnsfirase 


5M%ftM<lf»r diseaffff 


c^N^ace^galactDsaiinxiidase 




(orgalactosidaseB) 


Wolman disease 


acid lipase 


Cholesterol ester storage dise 


ase acid lipase 


Farber disease 


lysosomal acid cerarmdase 


Niernann-Pick disease 


acid sphuigonxyelniase 


Gaudier disease 


ghcoctadw usidase 


Krabbe disease 


gftlff ^fy^yl^^f pj m wfaffe 


Fabry disease 


oergalactosidase A 


GM1 gangliosidosis 


acid P-galactosidase 






Tay-Sach's disease 




SandhofF disease 





♦MPS =» mucopolysaccaridosis 

De Dove first suggested that replacement of the missing lysosomal enzyme with 
5 exogenous biologically active enzyme might be a viable approach to treatment of lysosomal 
storage diseases (De Dove, Fed Proc. 23: 1045 (1964). Since that time, various studies have 
suggested that enzyme replacement therapy may be beneficial for treating various lysosomal 
storage diseases. The best success has been shown with individuals with type I Gaucher 
disease, who have been treated with exogenous enzyme @-glucocerebrosidase), prepared 

10 from placenta (Ceredase™) or, more recently, recombinantly (C^rezyme™). It has been 
suggested that enzyme replacement may also be beneficial for treating Fabry's disease, as 
well as other lysosomal storage diseases. See, for example, Dawson et aL, Ped Res. 7(8): 
684-690 (1973) (invitro) and Mapesefo*, Science 169:9*7 (1970) (in vfro). Clinical trials 
of enzyme replacement therapy have been reported for Fabry patients using infusions of 

IS normal plasma (Mapes et aL, Science 169: 987-989 (1970)), a-galactosidase A purified from 
placenta (Brady et aL, N. Eng. J. Med 279: 1163 (1973)); or a-galactosidase A purified from 
spleen or plasma Pesnick et aL, Proa Nad. Acad ScL, USA 76: 5326-5330 (1979)) and have 



-206- 



® m 



WO 03/031464 IPCT/HJS02/32263 



demonstrated to Mcdnsnaical effectiveness of dir©cl enzyme ^lacemert fa Fatey disease. 
Hies© stores indicate the potential for eliminating, « dgmfficanfly roctodafe flu© pa&ological 
giycolipid storage by irqpeaterl sazyme irepkcement For example, m one stody (Bewick <s£ 
fli f Agjras), intravenous injection of purified enzyme resetted m a transient; redaction in tthe 
5 plasma levels of the stored lipid sobstate, globotriasylcOTmid©. 

Accordingly, tfiaeane exists a need in the art famelhods faproviding siaffideaoft 
quantities of biologically active lysosomal enzymes, saich as toman a-galactosidase A, to 
defideot cells. Reoastiy, wcrnnbkimt approaches have a&tenapted to address these needs, gag, 
ejg^ US. Pat No. 5,658,567; 5,580,757; Bishop ei aL, Proc Nad. Acad. ScL, USA. S3: 4859- 

10 4863 (1986); Medin et aL, Proa Nad. Acad. ScL 9 USA. 2>3: 7917-7922 (1996); Novo, F. J„ 
Gem Therapy. 4: 488-492 (1997); Ohshima <tf al, Proa Nad. Acad &£, USA 3)4: 2540- 
2544 (1997); and Sngfaioto et aL, Human Gem Therapy 6: 905-915, (1995). T&rougjhi the 
manecse-6iphospha£e mediated targeting of thesaperatic peptides to lysosoanes, the pjress3a£ 
invention provides compositions and me&ods fa delivering suffix 

15 'biologically active lysosomal peptides to defident eels. 

Thus, in an exemplary embodinieniE, the piresent invention provides a peptide 
according to Table 6 tfafc is derivstized with maonoso^hosphate (Figare 23 and Figaro 34). 
The peptide may be momxMmm^y oar chemically pmspamL Mos^v^te peptide on bete 
Sal* nataal se^neac^, or fit may be modified by, for erannple, taimcation, extension, or ft my 

20 inctade sabgtitations <nr detoicTO. H2©nnpksy protons tha£ aire ranodeled nsing ameShod of 
the preset kvention iBcluris glBO^sr^bmsidssej ^-glocosidase, ©-gakctosidas© A, sdd-<Er 
gtocosadase (acid mates©). R^H^sniMiv© modified peptides 1!ha& are in clinical uase inctade, 
bin* are noil limited to, Osredase^p Gsnssyinae^, and Friajpyniri 1 **. A gDycosyi gromgp on 
modified and clinically referral peptides may also be altered Btifekg a miefeod of th© 

25 mvention. The manM>s^6^hosp!^ is a&ached to thepeptid© via a glycosyi MnMng grasp, 
ia m exemplary embodimCTt, She gUycosyl linking grorap is derived tan sialic add. 
Exemplary sialic add-derived glycosyl linking groups are sett forth in Table 2, in which one 
or more of the "R" moieties is niarmose-6-phosphate or a spacer group having one or more 
mamiose-6-phospfaate nioieties attached thereto. The modified siaMc add snoiety is 

30 preferably the tennina! residue of an oEgosaccharide bound to Ate surface of the peptide 
(Rgure25) 
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In addition to the mannose-6-phosphate, the peptides of the invention may be further 
derivatized with a moiety such as a water-soluble polymer, a therapeutic moiety, or an 
additional targeting moiety. Methods fa attaching these and other groups are set forth 
herein. In an exemplary embodiment, the group other than maimose-6-phosphate is attached 
5 to die peptide via a derivatized sialic acid derivative according to Table 2, in which one or 
more of the "R" moieties is a group other than mannose-6-phosphate. 



glycine-based linker arm is prepared The corresponding nucleotide sugar is prepared and the 
Cbz group is removed by catalytic hydrogenation. The resulting nucleotide sugar has an 

1 0 available, reactive amine that is contacted with an activated manno se-6-phosphate derivative, 
providing a mannose-6-phosphate derivatized nucleotide sugar that is useful in practicing the 
methods of the invention. 

As shown in the scheme b elow (scheme 15), an exemplary activated mannose-6- 
phosphate derivative is formed by converting a 2-bromo-benzyi-protected phosphotriester 

IS into the corresponding triflate, in situ, and reacting the triflate with a linker having a reactive 
oxygen-containing moiety, forming an ether linkage between the sugar and the linker. The 
benzyl protecting groups are removed by catalytic hydrogenation, and the methyl ester of the 
linker is hydrolyzed, providing the corresponding caiboxylic add. The carboxylic add is 
activated by any method known in the art An exemplary activation procedure relies upon the 

20 conversion of the carboxylic add to the N-hydroxysuccinimide ester. 



In an exemplary embodiment, a sialic add moiety modified with a Cbz-pro tected 
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Scheme 15 




CMP-SA-5-NHCOCH 2 NH 2 




In another exemplary embodiment, as shown in the scheme below (scheme 
5 16), aN-acetylated sialic acid is converted to an amine by manipulation of the pyravyl 

moiety. Thus, the primary hydroxyl is converted to a sulfonate ester and reacted with sodium 
azdde. The azide is catalytically reduced to the corresponding amine. The sugar is 
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subsequently converted to its nucleotide analogue and coupled, through the amine group, to 
the linker arm-derivatized mannose-6-phosphate prepared as discussed above. 



Scheme 16 

l.McOH,Dowex(H+) 
OH 2.1^0, pyridine 

A«NH— ° 4.IVM/C 

5. NaOMe, MeOH, H2Q 




Q,PO — v OH 



CMP^ A synthetase, CTP 



o 
a 



O— Linker ^activated 



HO oh Jv a<Ha W 



CMP-SA-5-NHCOCH 2 NH 2 




tit 



HO OH 



Peptides useful to treat 1 
targeting moieties including, but not limited to, transform (to deliver the peptide across the 
blood-brain barrier, and to endosomes), carnitine (to deliver the peptide to muscle cells), and 
phosphonates, eg, bisphosphonate (to target the peptide to bone and other calciferous 

10 tissues). The targeting moiety and therapeutic peptide are conjugated by any method 
discussed herein or otherwise known in the art 

In an exemplary embodiment, die targeting agent and the therap eutic peptide are 
coupled via a linker moiety. In this embodiment, at least one of die therapeutic peptide or the 
targeting agent is coupled to the linker moiety via an intact gjycosyl linking group according 

15 to a method of the invention. In an exemplary embodiment, the linker moiety includes a 
poly(ether) such as polyethylene glycol). In another exemplary embodiment, the linker 
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TableS. Preferred peptides fear rivcanremndelinyr 



Honnones and Growlh Factors 
<KSF 
GM-CSF 
TPO 
BPO 

EPO variants 
FSH 
HGH 
insulin 
afcharTOF 
Leptin 
Rnrymes and Inhibitors 
TPA 

TP A variants 
Urokinase 

Factors VII, Vm, DC, X 
DNase 

Ghicocerebrosidase 
Hirudin 

al antitrypsin (al protease 

inhibitor) J 
Aitti tl iromhrm ill 

Acid a-glucosidase (acid maltase) 
agalactosidase A 
a-L-iduronidase 
Urokinase 

Cytokines and Chimeric Cytokines 
Interieakmrl (IL-1), IB, 2, 3, 4 
hiie r fe r on -alpha (IFN-alpha) 
IFN-alpha-2b 
IFN-beta 
IFN-gamma 

Chtfiffigic drphftffiia toxm*IL~2 



Receptors and Chimeric Receptors 
CD4 

Tumor Necrosis Factor receptor (TNF-R) 

TNF-RJgG Fc fusion 

AlpharCD20 

PSGH 
Complement 

GlyCAM or its chimera 

N-CAM or its chimera 
Monoclonal Antibodies flmmnnnp flnhiilhig) 

MAb-anti-RSV 

MAb-anti-IL-2 receptor 

MAb-anti-CBA 

MAb-anti-gJycoprotem Db/IHa 

MAb-anti-BGF 

MAb-anti-Her2 

MAb-CD20 

MAb-alphflrCD3 

MAb-TNFa 

MAb-CD4 

MAb-PSGI^l 

Mab-anii F protein of Respiratory 

Syncytial Virus 
Cells 

Red blood cells 

White blood cells (eg., T cells, B cells, 
dendritic cells, macrophages, NK cells, 
neutrophils, monocytes and the like) 
Stem cells 
Others 

Hepatits B surface antigen (HbsAg) 



Table 6. Most p ref e u t e d peptides for jdvcan remodeling 



Granulocyte colony 
stimulating fector (G-CSF) 
Interferon a 
Interferon p 

Factor W clotting fector 

Factor IX clotting fector 

Follicle Stimulating Hormone (FSB) 

Erythropoietin (EPO) 



Interleukin-2 (IL-2) 
Factor VIE 
hrDNase 
Insulin 

Hepatitis B surface protein (HbsAg) 
Human Growth Hormone (HGH) 
Urokinase 

TNF receptor-IgG Fc fusion (Brihrel™) 
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Gramiilccyfo^MaCTophsgs colony MAb-Har-2 (H^xeptirf 1 ^ 

stimiaMiiag factor (GM-CSF) MAb-F protein off Respfrstary 

Wterfaomy Syncytial Vkm (Syssagis^ 

<&i pmtease WMbitor (<&i antitrypsin) MAb-CD20 (Ritrarf^ 

TissuKB4j^pe plasminogen activator (EPA) MAb-TOF© (Remic&d© 3 ^ 
Gfacocerdyrosidase (Cerezyme^ B>igAb<HyDoprotem 

A more detailed list of peptides useful in tine invention and titer sonrce is provided in 
Figure 1. 

Q*her exemplary pepti des that sm modified by the methods of the invention inctode 
5 members of the immmogEobislin femily (eg: , antibodies, MHC molerales, T cell receptors, 
m& the like), intaxelkslasr meceptors (e g. , mtegrms, motors for faonnones or growth factors 
ami the like) lectins, and cytokines (eg., interieolrins). Additional examples inctode 
tissue-type plasminogen activator (EPA), renin, clotting factors smh as Factor VHt and 
Factor IX, bombesin, thrombin,, hematopoietic growth factor, colony stimulating fectars, viral 

10 antigens, complement peptides, ral-antit^ 

ligand-1 (PSGL-1), grsnidocyte^mraopbage colony stimulating factor, anti-thrombinlll, 
iatedeuMns, interferons, peptides A and C, fibrinogen, herceptin™, teptin, giycosidases, 
among many others. TMs Est of peptides is exemplary and should mot be considered to be 
exclusive. Rathsr, as is apparaot from the disclosure provided Itensin, the methods of the 

15 invention sm applicable to any peptide in which a desired glycm stem^tos c« bs ficsMonedL 
The methods of ^© invCTtion are also useful for modi%ing dhfanedc peptides, 
mctodiMgp but not MnAed to, dhhneric peptides thai include a moiety dmvd from an 
immunoglobu^ mA as JgG . 

Peptides modified by the inniethods of the invention can be syuShetic or wild4yp e 

20 peptides or they can be mmi^^ 

directed mutagenesis. Glycosyiation of peptides is typicaly (sitter N-ffiriked or O-MnlkeriL An 
eKonptay N-Knkage is tine mmhmmt of the modified sugar to the skjje chain of an 
asparagine residue. The tripqptid© sequences asparagine-X-serine and asparagine-X- 
threonine, where X is any amino acid except proline, are the recognition sequences for 

25 enzymatic attachment of a c^^ Thus, the 

presence of either of these tripeptide sequences in a peptide creates a potential glycosyiation 
site. As described elsewhere herein, O-linked glycosyiation refers to the attachment of one 
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sugar N-acetylgalactosami^ galactose, mannose, GlcNAc, glucose, ftaoos© or xylose) 
to a hydroxy side chain of a hydmxyamino add, preferably seams or Ifcmime, although 5 - 
hydtoxyproline or 54iydroxylysme may also be used. 

Several exemplary embodiments of the invention are discussed below. While several 

5 of these embodiments use peptides having names carded by trandemarks, and oflier specific 
peptides as the exemplary peptide, Hhese examples are not confined to any specific peptide. 
The following exemplary embodiments are contemplated to include all peptide equivalents 
and variants of any peptide. Such variants include, but are not limited to, adding and deleting 
N-linked and O-linked gJLycosylation sites, and fusion proteins with added glycosylation sites. 

1 0 One of skill in the art will appreciate that the following OTbodiments and the basic methods 
disclosed therein can be applied to many peptides wiith equal success. 

In one exOTiplary embodiment, the present invention provides methods for modifying 
qranHlo^yte Colony Stimulating Factor (G*CSF). Figures 27A to 27G set forth some 
examples of how this is accomplished using the methodology disclosed herein. In Figure 

15 27B, a G-CSF peptide that is expressed in a mammaalim ceM system is t 

siafidase. The residues thus exposed are modified by the addition of a sialic arid- 
poly(ethylme glycol) nioiefcy (PEG moiety), using an appropriate donor therefor and 
ST3GalL Figure 27Csets forth an exemplary scheme for modi^^aG-CSFpqjtidethiatis 
expressed in 'an insect ceffiL The peptide is modified by riding a galactose moiety 

20 appropriate do^ The galactose residues are 

fonctionalizedwithPE^ 

Figure 27D, bacteially expressed G-CSF is contacted with m N-^acet^galactosamine donor 
snd N-«cetyigalactosanmin© taiasfcra&s. Thepeptid© is fimctioiaaMzed with PEG, nnsing a 
PEGytatal sialic acid domr m& a sMyitansfease. In Figure 27E, mammalian cell 

25 expressed G-CSF is contacted with a sialic add donor that is modified with levulMc add, 
adding a ireactive ketone to tShe sialic add donor. After addition to a glycosyl residtae on flhe 
glycan on the p ep tide, the ketone is deri vatized with a moiety such as a hydrazine- or amine- 
PEG. In Figure 27F,bacteriallye3cpressed G-CSF is remoMed by contacting the peptite 
with an endo-GalNAc enzyme under conditions where it ftmctions in a synthetic, ra&her than 

30 a hydrolytic manner, thereby adding a PEG-Gal-GalNAc molecule fiom an activated 

derivative thereof. Figure 27G provides another route for remodeling bacterially expressed 
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G-CSF. lHna polypeptide is dedvaiized with a PEGyteted N-^e^gakctosamin© iresidta© by 
contect&ag tflhe polypeptide wM* son N^cdj^gsdsctosamme taasfaase smd an appropriate 
donor of PEGylatedl N-acetylgalactosamine. 

In another exemplary emtedirnenfc, the invention provides methods for modifying 
5 Interferon ©-14C (OFNcl^CX as shown in Figures 28A to 2SN. Ifte various forms of IFN© 
axe disclosed elsewhere herein. In Figure 28B, IFWctH AC exjmsseA m mtmmftiKm% mbMs fa 
firsttreated with sMdase to trim 

PBGytoted rasing ST3 Gal3 and a PEGylated sialic acid donor. - In Figure 28Q N- 
ac^ylgHncosamine is first added to IFNgI 4C which has been expressed in insect or feagal 

1 0 cells, when© fine reaction is conducted via flue action of GnT-I and/or IE ussing an N- 

acetylg^Bcossnmine doaor. The polypeptide is then PEGylated msing a gakctosjdtaasfess© 
amdadonor of PEG-galactose. In Figure 28B, IFN©14C expressed in yeast is first teeated' 
with Endo-H to trim back the giycosyl units thseon. TThemolec^esisgalactosyia^ 
galactosyltaasferase sod a galactose donor, and it is thenPEGyiated using ST3Gal3 and a 

15 • donor of PEG-sialic acid. In Figure 28F,IFNal4C produced by mammalian cells is modified 
tomc3hedaPEGmoi^yBsingST3Gal3 and a donor of PEGssialic add. InFigure28G, 
n^al4G expressed in insect of fungd 

more of GnT I, n, IV, and V, and mN-ace^g]tocosamine donor. The protein is 
subseipisnitlyg^ Th®% 
20 IFN©14C is PEGykted wmg ST3G®B sad a donor of PEG-sMic add. In Figure 28H, yeast 
procfaoDd IFN©14C is Erst tested with meaittosickses to trim back the mmwnsyl groups. N- 
ac^glBcosamine is tfhea added wmg a donor of N-acet^glucosamine and one or more of 
GnT I, n, IV, and V. IFN©14C is &rfeer gatatosyikted mmg an appropriate donor and a 
galactosyta^^ 

25 PEG-sialic add. In Figure 231, NS O cell expressed EFNa 1 4C is modified by coping 
appropriate tmnimliresidnes with a sialic add donor that is modified with levulinic add, 
thereby adding a reactive ketone to the sialic add donor. After addition to a giycosyl residue 
of the p ep tide, the ketone is deri vatized with a moiety such as a hydrazine- or amine- PEG. 
In Figure 28J, IFNal4C expressed by mammalian cells is PEGylated nsing a donor of PEG- 

30 sialic add and a 2,8-sialyitansferase. In Figure 28K, IFNoMC produced by mammalian 
cells is first treated with sialidase to trim back the terminal sialic add residues, and then the 
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motem!© is PEGykted using taas-siaKdas© md PBGykted sialic acid-lactose complex. M 
Figms©28L s UFN&14C (Expressed fa a imiromaHfiffli astern is sialyted rcsfag a domoir of sialic 
adda^a2,8-si8dytesastose. IhFigii3re28M,IMG^^ 

first has N-acetylgta^ The 
5 molecule is then contacted with & galactosylfraasferase and & galactose donor that is 

derivatized with a reactive sialic acid via a Ifafagr, so that the polypeptide isatochsdtoihe 
active sialic acid vis t&e linker md the galactose readme. The polypeptide is tteni contacted 
wifh ST3GaB and tansferi^ 

resMoe. In Fignzie 2SN S IFN&14C expressed k eM»im©^ or fmgal cells is first tested 
HO wMn ©ndoglycaaase to trimbacJk the glycosyi gmsps, md is thm contacted wfflh a 

galactfosyitransferase and a galactose donor that is dsivatized wiife a reactive sialic acid via a 
Maker, so that the polyp eptid© is attached to the reactive sialic acid via the linker and tine 
galactose residtes. The molecule is &mcon^ 
becomes connected wish trsnsfemn via the sialic acid residue. 
15 • la. another exemplary embodimQiit, the favGotioB provides methods for modifying 

Interferon a-2a or 2b (I^ In Figure 28P,IFNa 

produced fa mammalian cells is first treated - with siaffidase to trim back &© glycosyi raite* and 
isthmPEGyiatedu^ IkFigore28Q,]DFN© 
eagp*Dess©dl fa insect cells is iSmstt ^Es^tosyte&iDdl TQimnsg ssn a@pixqpsi£Qi® <&amsr as^d & 
•20 gstota^^ 

donor. Fngiare 28R ©Sfes anothisr maetihod for ramcdeliEig WN© sspressed m tecteria: 
PBGylstedN-ace^gal^^ 

ao^gplg^^ I&aFiginiic© 28S, IDFN® expressed fa m anro dim cells is 

modified by cagjpiinig s^pncpdate temiml irmdsaes wifflu a sialic acid donor feat is modified 

25 with tevralfaic acid, adding a neactiv© kdton© to the siaHc acid donor. After addition to a 
glycosyi residne of tihe peptide, flu© ketone is dteivafaed wish a moie£y srch as a hydmzke- 
• oramin©-PBG. fa Figure 2ffr,D^ 
enzyme Endo-N-acetylgalactosamidase, which functions fa a synihetic instead of a hydrolytic 
masm^, and rasing a N-acetylga^^ fa Figrare 

30 28U,N-^e^gakctosamfae is first added IFN© using am appropriate donor and 

acetylgalactosamine transferase, and then is PEGylatod rasing a sialylfransf&ase and a 
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PEGyiatediois^ 

§T3G®B and a sialic add donor, fa Figpre 29N y EN-p esqmsgad in mmmmMm hp 
modified by capping appropriate terminal resickes wi& a sialic add donor that is modified 
with lerolMc add, adding a inactive ketone to the sialic add donor. Ate: addition to a 
5 glycosyi reddoe of the peptide^ the ketone is derivatized with a moiety such sis a hydrazine- 
oramine-PEG. In Figcse 29Q f BFM-p o^ressM fa murnimali^ ^llft fa mnljhM mfag m 
sialic rid donor and a 2,8-dalyibramfoase. MFigTO29Q,IFN^ 
first has N-acetylgJeco&amine added wmg a doner of M-ace^gliH^^miBs and OH© 
ofGnTIJI, W 9 and V s andisiIM 

fa Hguue 29M, EFN-p expressed in yeast is firsts teeafed wiHh 
emdoglyeanase to trim back flu© gUycosy! groups, flhm galactosylated rasing a galactose donor 
and a g^lactosyltransferase^ and fhea PBGyJated rasing ST3GaB aad a dceOT 
add. In Figrare 295, IFN-p expressed fa a mammalian system is first contested m& gl3Gal3 
and two reactive sialic addreddnes connected via a linker, so that the polypeptide is attached 
15 t to one reactive sialic add via the link®: and the second sialic add reddme. The polypeptide is 
then contacted with ST3Gal3 and desialylated tmnsferan, and thus becomes connected with 
transferrin via thesialic add reddee. Then, BFN-P is further sialyiatodissingasifflKcadd 
donor and ST3GaO. 

fa anotihs' exisnaplaKy CTiibodfaiiCT^ the invotion provides methods fcmodil^ing 
20 Factor VH or Via, as ^winFigraires 30 A to 30D. fa Figure 30B 9 Factor VII car VHa 
produced by a mammaHan system is first forested wife saaHdaae to fcriunnt back flhe taro™ gJI 
sialic addreddnes, and^mPBG3toednsing ST3GaB and a donor of PEGyJated saaMc add. 
Figure 30C, Factor ¥M m Via mpmssaedl by mmmn^m fidfe k fa? tested ™fth daMte© to 
trim back tihet^^ 

25 PEGyiatedssalicadd. Ftater, t&e polypeptide is sialylated with ST3 GaB and a sialic add 
donor. Pignana 30D offers mafihgar mnm^^^ m gdrerinm flog Factor YH or YSM pmdnopdl by 
mammalian cells: the polypeptide is first toted with dalidase end galactoddase to trim back 
its sialic add and galactose residues, Ihmgalactosylatednsing a galactosyltzansferase and a 
galactose donor, and to PEGyiated rasing ST3 GaB and a donor of PEGyiated sialic add. 

30 In another exemplary eanbodhneafc the invention provides methods far inodBH yjmg 

Factor DC, some examples of which are included in Figraes 31 A to 31G. faFigmeSlB, 
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Factor IX prodoced by ma^^ 

terainal sialic acid residues, and is iiiaiPEGj^lfiMwMiLSTSGaB using aPEG-siaMc add 
donor. Jan Figaro 3 1 C, Factor IX eaptessed by mmtm^m cells is first treated with afolidaae 
to trim back the tenninal sialic add residues, U is then PEGylafled using ST3Gal3 and a PEG- 
5 siaEc add donor, and for&er sMyiated wing STSGall and a sMic add donor. Another 

scheme for remodeling mmiimatimi cell produced Factor IX can be found in Figure 31B. TSie 
polypeptide is first treated with sialidase to trim back flue terminal siaMc acid residues, fflaa 
galactasylated using a galactose donor and a ga^^ 

siaKc add donor and ST3GaB, and th^ sialic 
10 andST3Gall. In Figure 3 IE, Factor K that is esipgissssdm ^^mal^ri ay^m jg 

PEGylated flnoq^i the process of sMyiataon catalyzed by ST3 Gal3 losing a donor of PEG* 
sialicadd. fa Figure 3 IF, Factor IX expressed in maminniallim cells is modified by coping 
appropriate texmnal residues wMn a sialic acid donor that is modified wish levulinic add, 
adding a reactive ketone to After addition to a glycosyl residue of the 

15 peptide, the ketone is derivatized with a moiety such as a hydrazine Figure 
31G provides an additional mefliod of modifying Factor IX. The polypeptide, produced by 
mammalian cells, is PEGylated using a donor of PEGK-sialic add and <s 2,8-sialyItoansfeffass. 

M note eKemptay esnbodiment, the invention provides xne&ods for modification 
of Follicle StkaiaMing Hcraiione (FSH). Figmss 32A to 32J pressor som© samples; to 

20 Figure 32B, FSH is expressed in a mammalian system and modified by tmealmrat of sialdase 
to trim back temi^ anda 
donor off PBG^c add. fa Figure 32C FSH g^B-^ai in mammalian cells is fiiraft toted 
withsiiaWassto^ mda 
dosiOToffPEG-sialcac^ FigiDnre 

25 320 provides a sdic^ei^ The 
polypeptide is treated with sialidase and galactosidase to trim back its sialic add and 
galactose residues, thm gatactosyiated rasing a galactose draor and a galactosylteansferase, 
and then PEGylated using ST3GaD and a donor of PEG-sialic add In Figure 32E, FSH 
expre^ed in mamnaliim ceils is modified in fthe foHowmg]pmc©dsire: FSH is first tested 

30 with sialidase to trim back the sialic add residues, then PEGylated using ST3Gal3 and a 
donor of PEG-siaHc acid, and is then sialyiated using ST3Gal3 and a sialic add donor. 
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Figure 32P offers another example of iinodifvingFSH producarilhy mM nm a K m ^fe. xhe . 
lRlypq>tideisrnodMedbyc^^ 

is modified wimlevulinic add, addiqgftieacth^&etoto^d^acMdonOT. After 
addition to a glycosyl residue of the peptide, fee ketone is derivatized with a moiety such as a 
5 hydrazine- or amine- PEG. M Figure 32G. FSH expressed in a mammalia system is 
modifiedin another procednre: the polypeptide is remodeled wife a^ 
asMcatiddonorandma2,8-sialylm^^ BaFigure32H, FSH is expressed in insect 
cells and modified in the following procedure: N-aceiylglucosarnme is first added to FSH 
using an appropriate N-acetylglucosanune donor and one or more off GnT I, H, IV, and V; 
10 FSH is moiPBGylated using a donor off PEG-gaSactosea^ 

321 depicts a scheme offmodiffying FSH produced by yeast According to mis scheme, FSH 
is first treated with eadoglycanase to trim U&fa&yoogfl^BmfrffhtitoBtf^vMbvt 
galactose donor and a galactosyiteansferose^ 

of PEG-siaHc acid. M Figure 321, FSH expressed by mammalian cells is first contacted with 
15 ST3Gal3 and two reactive sialic acid residues via a linker, so mat the polypeptide is attached 
to a reactive sialic acid via the Baker sad a second sialic acid residue. The polypeptide is 
then contacted with ST3Gall and desMyiated chorionic gonadotrophs (OG) produced in 
CHO, and thus becomes connected with OGvkmesecorMsifflllfcaddresidiBie. Then, FSH is 
sialyiated using a sialic acid dosrar and §T3GaB and/tar STSGalL 
20 Eaanomer exemplary embodiment 

erymrajpoietim (EPO), Figures 33 A to 33 J set some eisamples which are relevant to (he 
remodeling of both wild-type and mutant BPO peptides. M Figure 33B, EPO expressed in 
various mammalian systems is remodeled by contacting the expressed protein wim a sialidase 
to remove tenminal sMic acid residues. Tibs resul ting peptide w contacted wim a 
25 sMyltransfeaseandaCyP-sialfc JhFigure33C, 
EPO that is expressed m insect cs^ 

and/orGmTJL Galactose is them added to the pq>tide, using galactosyltransffea^ PEG 
group is added to the remodeled peptide by contacting it with a sMyltransferase and a - 
siaMcaddmatisderivati^wimaPBGmoiety. Is Figure 33B, EPO is expressed in a 
30 mammalian cell system is remodeled by removing temroal sialic acid moieties via the action 
of a sialidase. Galactose is added to the newly exposed temrihi, using a galactosyltransferase 
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and a galactose donor. The temunal galactose residues of fee N-hnked glycosyi mats 
"capjrf wife sialic add, using mGaBandasialteadddonrar. The tammd galactose 
residues are fisactionalized wife a sialic acid bearing a PEG moiety, rasing an appopriate 
siahcadddonorandST3Gall. mFig Hre 33E,EPQthatise S pre^ ■ 
5 system is remodeled by functionalizing fee N-linked glycosyl residues wife a PBG- 

derivatized sialic acid moiety. Hie peptide is contacted with ST3CM3 and an appropriately 
modified sialic acid donor. In Figure 33F,EPQ that is expressed man insect celsystemis 
remodeled by adding one or more terminal N-acetyiglucosamine residues by contacting fee 
peptide wife a N-acetylgtacosamioe donor and of one ormore of GnTT, GnTH, and GnW. 
10 ThepeprideisthmPEGylatedfy 

galactosyltransferase. m Figure 33G.EPO Oat is expressed in an insect eel system is 
remodeled by me addition of tesmhial N-acetylglmajsamine residsies, using an appropriate N- 
acetylglocosanmie donor aM Agalactosidasethat 
is made to operate m a synmetic, ratnertta 
15 activated PBGylated galactose donor to the N-acetylglucosamine residues. la Figure 33H, a 
mutant EPO expressed in mammalian cells is remodeled by capping appropriate luminal 
reside wife a siauc add donor to is modme^ 

to the sialic acid donor, Afler addition to a glycosyl residue of fb»pqrtide,1Ii» ketone is 
derivatized wife a moiety saidi as a hydrazine- or amine-PEG. Figure 331 sets farm an 
20 ^emplaryremodeMngpafewa^^ 
•system PTO is added to fe^ 

sMyltasfarase. Figure 33 J sets farm another exemplary remodeling pathway far a militant 
EPO mat is expressed in a mammalian cell system lite saaic add is added to 
residue with a sialic acid donor and an c^S^ialyitiransfarase. 
25 fa ^tees^l^®nbodmiLenl!,memveMOT 

grandocyte-maraophage colony-stimulating fector<GM-OT), as shown in Figures 34A to 
34K. la Figure 34B,GM<^ expressed mn^ 

trim bade the sialic acid residues, and then PEGyiated rasing ST3Gal3 and a donor of PEG- 
sialicarid. MFigure34QGM-CSFexpressedmm^ 
30 sialidass to trim back fee sialic add roaidaes, tben PEGyiated using ST3GaB snd a donor of 
PEG-sialic add, and feen is further sMylated using a sialic add donor and ST3Gall and/or 
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ST3GaB. la Figure 34B S (M-CSF expressed in N$0 eels is fflrat touted with sMidase md 
©-gala^^dasetotripba^ 

ST3Gd3,andisthenPEGylatedii^^ InFigure 
34B, GM-CSF esqpressed in mnamimriim cells is fast treated wifth sialidase to trim back sialic 

S add indues, then PEGyiated using ST3 GsJ3 and a donor of PEG-sialic acid, and then is 
further sialyiated using ST3Gal3 and a sialic acid donor. IhHgKre34F 9 G^-€SFeapiress©d 
in mammalian cells is modified by capping appropriate terminal residues with a sialic acid 
donor that is modified with levulinic acid, adding a reactive ketone to the sialic acid donor. 
After addition to a glycosyl residue of flue peptide, the ketone is derivafiized with a moiety 

10 such as a hydrazine- or amine- PEG. In Figure 34G, GM-CSF expressed in mammalian cells 
is sialyiated using a sialic acid donor and a 2,8-sMyltraasferase. In Figure 341, GM-CSF 
expressed in insect cells is modified by addition of N-acetyiglucosamine using a suitable 
donor and one or more of GnT I, H, W 9 and V, followed by addition of PEGyiated galactose 
using a suitable donor and a galactosyltransferase. In Figure 34J, yeast expiressed GM-CSF is 

11 5 first treated with endoglycanase and/or mannosidase to trim back the glycosyl units, and 
subseipCT% PEGyiated using In 
Figure 34K, GM-CSF expressed in mammalian cells is first treated with siaKdase to trim 
back sialic acid residues, and is subsequmdy sialyiated using ST3 Gai3 and a sialic acid 
donor. Th© polypeptide is ttai contacted with STSGall and two reactive siaMc add residues 

20 connected vk a 

Mute and second sialic acid residue. Ihe polypeptide is fijrther contacted with ST3Gal3 and 
transferrin, and thus becomes ©mmected with trmsfesrin. 

M aaofther exemplary embodiment, the invention provides methods for modification 
of Intefem grama PFNy). Fignsnss 35A to 35N contain some examples. In Figure 35B, 

25 WNy expressed in a variety of msramlim cells is first tiresfed wMn sMidtes© to trim Itedk 
teminal sialic acid residues, and is subsequently PBGylatod using ST3 GaB and a donor of 
PEG-sialic add. In Figure 35C, IFM7 expressed in a mammalian system is first treated with 
sialidase to trim back terminal sialic acid residues. Hie polypeptide is then PEGyiated using 
ST3Gal3 and a donor of PBG-sialic add, and is fijrtosM^atedwi&ST3G^andadonor 

30 of sialic add. In Figure 35D, mammalian cell eapressed IFNy is first treated with sialidase 
and a-galactosidase to trim back sialic add and galactose residues. The polypeptide is then 
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ggkctosytetod using a galactose donor and a galectosyltransfease. Then, JDFNy is PBGytated 
using a donor of PEG-sialic acid and ST3Gal3. MFigomSSE^IF^Itoise^pr^gdma 
mammalian system is first treated with sialidase to trim back terminal sialic add regjdnes. 
The polypeptide is then PBGyiafed rasing ST3GaD ami a 6mm of PEG-sialic acid, and is 
5 further sMyla^ wi& ST3GaB a siaKc acid donor. FigiHe35F describes another metod 
for modifying HENy expressed in a maimmfilim system. The pratein is modified by capping 
appropriate taminal iresldees wii a sialic acid donor feat is modified wife. levulMc add, 
adding a reactive ketone to the sialic acid donor. After addition to a glycosyl residua© of the 
peptide^ She ketone is derivatized wilifa a moidty such as a hydrazine- or amine- PEG. In 

10 Figra© 35G P JQPNy expressed in mammalian) cells is remodeled by addition of sialic addussing 
a sialic acid donor md an © 2 2 8-sklyiteasfe£s^ In Figure 3 51, EFNy expressed 5mi ins©s£ or 
fungal cells is modified by addition ofN-ac^ylgtacosamine uising am appropriate donor and 
one or more of GnT I, IV, and V. The protein is fMhu^ modified by addition of PEG 
moieties using a donor of PEGyiatod galactose and a galactosyltrmsferase. Figure 35J oflfeas 

15 .a metihod for modifying lENyesqpiressed in yeast The polypeptide is first treated with 

©idoglycanase to trim back the saccharide chains, and then galactosylated nasing a galactose 
donor flrafl a galactosyltansf erase. Thens IFNy is PEGyiatod using a donor of PEGyl&tod 
sialic acid and ST3Gal3. In Figure 35K, EFWy produced by snammiaHan cells is mmffiSed as 
follows: te polypeptide is ito 

20 steivatized with a reactiv© galactose a Minted so that th© polypeptide is sttacUned to ft© 
reactive galactose via the linter and sialic add reside©. Th© polypeptide is thra contacted 
wBsl a galactosytteansferase 

connect wiihtoan^ lea t9h© s^ntsum© SMraisfiirssftgdl by IPSgosir© 35IL^ 

IFWy, which is expressed in arnmMn^im system^ is modified Alfa action of gT3G®13: 

25 PEGyMed sialic add is transferred fomn a suitable donor to lEWy. Figure 35M is am example 
of modifying IFNy expressed in insect or fungal cells, whsare PBGyfation of the polypeptide 
is acMeved by transferring PEGylstai N^cdtylgluoosMaAiie fcom a donor to WNy mmg GnT 
I and/or EL In Figure 35N, IFNy expressed in a mmmalim system is remodeled with 
addition of PEGylatod sialic acid rang a suitable donor and an <& 2,8-sMyltransfease. 

30 In another ©Kemplaxy embodiment, the invention provides methods for modifying <&i 

anti-faypsin (al-protease inhibitor). Some such examples can be found in Figures 36A to 
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360. fa Figure 36B, ci anti-teypsm expressed k a variety of mam^alim ceHs is first touted 
wMisMicks© to trim sialic add resisted PEGylated sialic acid residues ©re feeaadded 
appropriate donor, such as CMP-SA-PEG, stud & sMytansfeffase, such as ST3GaB. 
Figure 36C demonstrates another scheme of ©i antitrypsin modification, ©1 anti-feypsin 

5 expressed in a tn qatrmiaHflm system is first treated wife sialidase to trim back sialic acid 
residues. Sialic acid residues derivatized with PEG are feen added using an appropriate 
donor and a sMyltransferase, such as ST3GaB. Subsequently, fee molecule is further 
modified by fee addition of sialic acid residues usi% a siaMc add doner and ST3GaB. in 
Figure 36D, mammalian cell expressed ©i anti4cypsin is first treated wife sialidase and 

10 gdactosidase to trim back teaming sM The 

polypeptide is then galactosylated losing galactosyltransferase and a suitable galactose donor. 
Further, sialic acid derivatized wife PEG is added by fee action of STSGaB using & 
PEGylated sialic acid donor. In Figure 36E, q&i mti-trypsin expressed in a mmroh 
system first has fee terminal sialic acid reridues trimmed back using sialydase. PBGisfeea 

15 added to N-linked glycosyl residues via fee action of ST3Gal3, winch mediates fee transfer of 
PEGylated sialic acid from a donor, such as CMP-SA-PEG, to ©i amfi-trypsin. More sialic 
acid residues are subsequently attached using a sialic acid donor and ST3GaB. Figure 36F 
illustrates another process through which a% mti-teypsm is remodeled, ©i antitrypsin 
expressed in mammalian cells is modified by csjppmg apprepiats© traninal residnaes wife a 

20 sialic acid donor feat is modified wife levuSMc add, adding a reactive ketone to fee sialic 
acid donor. After addition to a glycosyl residue of fee peptide, fee ketone is derivatized wife 
a moiety such as a hydrazine- or amine- PEG. In Figure 36G,yei another mefeod of aianti-' 
trypsin modification is disclosed. u\ antitrypsin obtained fan a mfflmmmaMan eapression 
system is remodeled wife addition of sialic add wng a sMic add donor and an© 2,8- 

25 sialyltransferase. In Figure 361, ©i anti-trypsin is exposed in insist or yeast cells, and 

remodeled by fee addition of tominal N-^cetjdlgJucosamine residues by way of contacting fee 
polypq>tidewifeUBP-N^ Then, 
fee polypeptide is modified wife PEG moieties using a donor of PEGyiated galactose and a 
galactosyhransferase. In Figure 36J, u\ anfi-txypsin expressed in yeast cells is treated first 

30 wife endoglycanase to trim back glycosyl chains. It is feea galactosyiated wife a 

galactosyitransferase and a galactose donor. Then, fee polypeptide is PBGylaied using 
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ST3GaB andadonorofPEG-sMcadd. MFig^ - 
mammalian system- The polypeptide is first contacted wi&ST3Gd3 MidadomKr^fsiaEc 
add that is derivatized with a reactive galactose via a Into, so that the polypeptide is 
attached to the reactive galactose via 1helis±^aMsiaKcacidsiesidiae. The polypeptide is 
5 then contacted with a galactosyitrasnsferase and transferrin pro-treated with endoglycaasse, 
andthus becomes connected with tx^is&rdB vk the galactose ii^dee. InFiguie 36M,©i 
antitrypsin ecqsressed in yeast is 
groups. The protein is then PEGyiated using a 

with a PEG moiety. In Figure 36N, a\ antitrypsin expressed implant cells is treated with 

10 hexosaminidase, mannosidase, and xyiosidase to trim bade its gjycosyl chains, aod 

subsequently modified with N-acetylgiucosamine derivatized witih a PEG snoieJy, nsing N- 
acetylghacosamine transferase and a suitable donor. In Figure 36Q, a\ mti-tzypsin expressed 
m mammalian cells is modified by adding PEGyiated sialic add residues raising ST3Ga!3 and 
a donor of sialic acid derivatized with PEG. 

15 in another exemplary embodiment, the invention provides methods for modifying 

glucocerebrosidase (^-gliscosidase, Cesezynie™ or Ceredase™), as shown in Figures 37A to 
37KL M Figure 37B, teezyme™ expressed in a irmamimaliim system is first tetefl with 
sialidase to trim back terminal sMc acid pesidmes, and is then PEGyiated ming STSGaB and 
a donor of PEG-siaKc add. M Figure 37C, Cesezyrne™ 1 expressed in masmnalm cells is fijsd 

20 treated with sialidase to trim back tike sialic acid residues, then has maamose^ipho sphate 
group attached nsing ST3GaB and ©reactive sialic add derivatized witih m»o s^S- 
pbosphate* and then is sialjfetei rasing ST3Gal3 and a sialic acid donor. M Figros 37D, NSO 
cell expressed Gsrezyme" 1 ^ is tested with sialid&se and gsikctosndas© to trimbadk: the 
glycosyl groins, and is tSssm gakctosylstodl using a galactose dksnor and asm ©- 

25 galactosyltransferase. Ttai, mannose-6-phosphate imoiety is added to the molecule using 
ST3GaB and a reactive sialic acid derivatized with manaaose^S-phosphate. In Figure 37E, 
Ceezyme m expressed in mammalian cells is first treated with sialidase to trim back the 
sialic add residues, it is thai PEGyiated using ST3Gal3 and a donor of PEG-siaKc add, and 
is then sialyiated using ST3Gal3 and a sialic add donor, in Figure STFpCo^ezyme™ 

30 pressed in mammalian cells is modified by capping appropriate terminal residues with a 
sialic add donor that is modified with levulinic add, adding a reactive ketone to the sialic 
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amoiety sradh a& one orMO^m^^so-^hospliste grasps. la Figros 37G, Gsa^zyme^ 
oppressed in msmmriim cells 5s sMylatei mmg a sialic add donor and a 2,8- 
sMytaasfease. IaKgira37I,Ca^ 
5 ace^Iglwossmm© adkfed insing a suitable donor and one or more of GnT E, M, IV, and V, and 
tihea is PEGylakd urang a gsladosyitasfam^ and a donor of PBG-gakctose, ImFigmsSTJ, 
Gsrezyme^ expressed inye&stisfesfc trusted with endogtycanase to trim back the gjycosyi 
gzonps, t3s.sn galactosyla£©d unsimg a galactose donor and a g^astos^1l2ransi&iras^ and flihisn 
§T3Gal3 and a donor of PEG^siaKc acid In Fism© 37K„ C^nezyHne^ 

10 ffltpre^ m ™«i™ffli»TliMJi crilk is first contested with ST3Gal3 and tm> reactive sialic ridl 
reside connected via a iimter, so Shalt the polypeptide is aftt&ched to one reactive dale add 
via flue linker and the second sialic acid residne. The polypeptide is thsa contacted with 
ST3Gal3 and desMyiatel tansfeoisj, snd thra becomes connected with tansfexin. TEtan, 
thepolypepMeissMyla^ns^ a sialic acid donor and ST3CM3. 

15 . In another exen^k^emb^^ 

Tissue-Type Plasminogen Activate (TPA) and its mutant Several specific modification 
schemes are presented in Figeres 38 A to 38 W. Figure 38B iltostato one modification 
procedure: aSbsr TP A is expressed by ipflammaKflm cells, it is treated with one or mow of 
mam3)osidasg(s) and saasMdas® to team back mamosyi and/or sialic arid F^adnes. TCTMnsl N- 

20 acetylgtasc^^ 

acefcylgtocossii^ TPA is tftafe: gslactosyfated 

nmng a galactose donor mid a gskstosytasasferase. Titan, PEG is affi&chsd to the molested© 
by way of saalyteSaon catalyzed by ST3GaB said rang a donor of sialic acid dedhrsfesd with 
a PEG moiety. In Figure 38Q, TPA is expressed k insect or fiongal cells, llhemodificsliion 

25 includes the steps of addition ofW-^c^^»cs™ine rasing an sppanopriate donor 
acetylgtecossEnine and GnT I amd/or EE; galactosylation ising a galactose donor and a 
gskctos^taansferase; and atSadnnenS of PEG by way of sMyMon nsing ST3GaB and a 
donor of sialic acid deaivatized with PEG. In Figure 383D, TPA is expressed in yeast and 
subsequently treated with endoglycanase to trim back the sacdhasride chains. The polypeptide 

30 isitattePEGyiatedviatheac^^ 

aPBG-galactosefiomadonortoTPA. In Figure 38E, TPA is ^pressed in ins^t or j^ast 
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cells. Itepolyp^de^flimtl^^ 
* mannosyi residues. Fiorther, PEG moieties am attached to the moIootI© vm teanafe of PEG- 
galactos© fiom a suitable dtamr to TPA, wMch Figunre 
3 8F provides a differed meted for modification of TP A obtained &om an wssst or yeast 
5 system: the polypeptide is remodeled by addition off N-acetyl$ucosamm© rasing a donor off N- 
acetyigtax^samine amd GrfF I and/or E, followed by PEGylafion using a gdactosyltrmsfesse 
aMadQKMJrofPJBGjdatedgakiDtose. Figore 38G offers another scheme for remodeling TP A 
expressed inimsect or yeast cells. Temriml N-aare^gfacosamke is added wmg a donor of 
N-acetylgJucosamine and GnT I and/or IL A galactosidas© that is modified to operate m a 

10 synthetic, jraflusr than a hydkolytic iimbm, is efflized to add PEGyiatod galactose fcm a 
proper donor to the N-acetylgltacosamin© residtaes. M Figure 38E, TPA expressed in a 
mammalian system is first treaded with sialid&s© sand galactosidas© to trim back sialic add m& 
galactose residBes, The polypeptide is ffiatftar modified by capping appiropriato temiml 
residues with a siahc arid donor thM is mod^ 

15 _ to the sialic acid donor. Ate addition to a $ycosyl residae of the peptide, tine ketoneis 

dravafized with a moiety su* En Figure 38J, TPA, which is 

caressed in a mmmz&im system,, is mnodeled fottowing this scheme: first, the polypeptide 
is treated with <dl- and snannosidases to trim back the toninal mannosyl residues; sialic 
acid in^idunes sice titan, attached to teminal galactosyl ir^adtess ranmg a siaHic add dtomOT annd 

20 ST3GaB; ftarft^ 

a N-^cetyi^cicosammyi lesidnne catalyzed by a galactosyfansferase. In Figtsse 38K, TPA is 
expressed in a plant system. The modification procedros m this example is as Mows: TPA 
fefr fonssitefl wifth h^a^mrnhnds^ mimnimt^m^ m\d vy%mmdm& fan form Wd£ 11% ffflyrogyl 
grasps; PEGyilaM]^^ 

25 acetylgtocosamine transferase. M Figaro 38M, a ITAmii^^ 

mammalian cells* is mmiodeled. Terminal sialic acid rssidtaes sro first Mmmed back iDismg 
sMdase; ST3GaB is tih^ 

such that the polypeptide is PEGylated In Figure 38N, TNK TPA espressed in a mmrm^im 
system is first treated wife sklidas© to trim back temiral sMic acid r^ctoes. The pmtemis 
30 then PBGylated raing CMP-SA-PEG as a donor and ST3Gal3 s and further sialylated using a 
sialic arid donor and ST3Gal3. In Figure 380, NSO cell expressed TNK TPA is 'first treated 
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wWh sialdase and c^galactosidase to trim back temml sialic add ©ad galactose sesidtes. 
TMLTPAistfagala^^ He 
last step in Ms iremodeMng scheme is tansfer of sisHc add derivatized wMn PEG moiety 
fiomado^toTNKTPAias^ ItaFigOTs 38Q,TNKTPAis 

5 expres&ed ESI a niamniiffllian. systeM and is first teeated with sialidas© to trim, back tsnnin&l 
siaHcaddiimdtoes. Iheprotdnistta 

sialicadd. Ite^ She protein is siMylated rasing & stfc add donor and §T3Gal3. HkFigere 
38^ TNKTFA expressed im ammmsJ^ system is modified by cagpng s^ppogdEfcs 
taninal residues with a sialic add donor that is modified with leralinic sad, adding & 

10 reactive ketone to the sialic add donor. Atfte additim to a glycosyi residue of thepeptide* 
the ketone is dmvatized with aniioiety met as a hydrasiiDi©- or amine- PEG. fa Figms 
TNGL TP A expressed in msmnmaMm cells is modified vis a different sne&od: the 'poltyp^ptidis 
is remodeled with, addition of sialic add nosing si sialic add donor and ds 2s S-sialyltemsfemss. 
In FigiH© 38U 9 TNK TP A expnessed in insect cells is remodeled by addition of N- 

15 acetylgtucosamine using an appropriate donor and on© or more of GnT I, H IV, and V. The 
protein is fiorther modified by addition of PEG moieties rasing a donor of PBGyktod galactose 
and a galactosyltaasfease. Ik Figure 3 8 V, TOK TP A is expressed in yeast The polypeptide 
is first treated with owlo^lycsmass to tram bads: its gjycosyl dhsiins sad ta PBGylated rosing 
& galactose doftEOTd©^ Em Mgomr© 38W 8 TNK 

20 TPA is jp^irefl in a mRgnnnnnrfm system*. Th® pnllypqptidb fa fat fl^fegfaad wttfa gTSOgJIS 
Midadonorofsiafficaddtto 

polypeptide is attached to the inactive galactose via flue Knfer sand sialic add rs&idta©. The 
jrotyj^tidek 

in QBOj, and ttas becomes coranectod with the dhimsrs via fine galactose residis/a. 

25 In another aLwspimy mM^mmS^ the invention provide mdtefls for modifying 

Merl©i2Hn-2 (EL-2). Figros 39A to 39G provide some (samples. Figure 39B provides a 
two-step modification scfame: IL-2 prndeced by mammalian cells is first tasted with 
sialidase to trim back is ttoninal sialic add residue, and is thea PEGylated losing ST3 Gal3 
and a donor of PEGylated sialic add. InFigweSSCpksectcel 

30 first by galactosyiationumng& gal Subsequently, 
IL-2 is PEGylated rasing ST3Gal3 and a dtmor of PEGylated sialic add. In Figrare 39B, XL2 
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expressed in bactaia is modified wiHh N-acdtyigaiactos&mim raing a prapsr donor md N- 
aceJyigalactosamme transferase. Mowed by a stop of PEGylafiojni wffli si PEG-sialc acM 
donor mi a sialyitramferase. Figrare 39B offOT anoihezr scheme of modifying IL-2 jpmdniiced 
by » Kmmmalka gygibem. The polypeptide is modified by capping appropriate terminal 

5 residues with a sialic acid donor thaft is modified witia leralinic sod, adding a reactive ketone 
to fine sMic add donor. After addition to a glycosyl xesidtae of flu© peptida, llhelketone is 
dmvafeed witih a nnoiety such as a hydrazine- or amine- PEG. Figore 39F illostoates an 
example of remodeling E^2 expressed byE. coli. T3he polypeptide is PEGyiaSed wmg a 
reactive N-ace^galactosamine complex derivatized wish a PEG grasp and am eazyma tUnait is 

HO modified so Hha£ it Sanctions as a synfladdc isxzyme raster tooni ahydtolytic one. IhFigcanr© - 
39G 9 JLr2 expired by bacteria is modified by addition of PEGylatod N-ace^galactemmke 
using a proper donor and N-acdtjdgalactosamane tansferase. 

In another eKemplasy embodiment the invention provides meihods for modiilying 
Factor VIII, as ^owifoFigra^ In Figure 40B, Factor Vffl expressed in 

15 mnmnma\l m\ cdfa is fore* tbnasdted wife siflMdase to Mm back Hhs sialic acid msmdnes, and is then 
PEGyktod rasing ST3GaB and a donor of PEG-sialic acid InFigmre^OC, Factor VIE 
gqyin^^ m mtmrrnMxn cells is fireft forested wMh gaalidase to form back tifa® sialic acid 
residues, tiien PBGylatod ussing ST3 Gal3 and a proper donor, md is fem fftaher sMylatod 
rosing OT3G®111 m $ a sialic acid donor. 

20 In Figm© 4QE* immninEaiHa c©E produced Factor Vffl is modified by tins single sfcsp of 

PEGyMon, raing ST3GaB a^ Figure 40F offers ano&eir 

example of modification of Factor Vffl tSuM is expressed by mammalian cdte. Haeprnteinis 
PEGyto£©d raing ST3Gall md a dourar of PEGyllatod sialic acid, fmi TOginnra 4flfir a mmm^Am 
cdilesqpEessedFsscte 

25 2,8-siaiytensferase and a donor of PBG-sialic acid- In Figros 40 1, Factor VM produce by 
. wm^v^mfa cells is modified by capping appropriate tonomal residtaes wffla a sialic acid 

donor titefc is modified witih levnlMc acid, adding a reactive ketone to tiie sialic acid donor. 

After addition to a glycosyl residue of &e peptide, the ketone is demratizedwifh a moiety 

snch as a hydrazine- or amine- PEG. In Figure 40 J, Factor Vffl expressed by mammalian 
30 cells is fisst toeaied wi&Endo-H to trim back glycosyl gmnps. Ens&^PEGjto^nsinga 

galactosyteaasfemseandadonorofPEG-galac^ In Figure 4GK, Factor Vffl expressed in 
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ammmm^im &ptoni klS^gMgte^TOmg md a &iaMc aod dflmafc fem tested 

wiffiiilBado-Hto^^ 

^tectosjtasisfems© and a dkmor of PEG-gstetos©. toFig»4©L* Factor VMopress^k 
a mgwrrnngiMson system k first total wffli mmnogjdaseg to trim back frsmimfl mmnosyl 
5 residue, then has N-aceltylglhKxmmiinie graojp added ussmg a smtaMe dceoir md GsnT I md/or 
said tea is PBGyk£©d rasing a g^^myiMmS^m^ said © donor of PEG-^tete©. Ik 
Figure 40M5 Factor VM expressed in mmw^Tfa cdH& fa fis^ tested wMh inaiMiE©si(fass to 

sce^^iiMXJSMnme transferase ©ml a soitolble donor. K is tftater gsils^syM(M iisixig a 
10 galas^sjdlftr®Bsfosse and a galactose doMTs, ssnd them &fajytaft©d nosing ST3GaS3 md&sMic 
©riddflMor. fa Figure 4fflW y Factor VM fa prAg^l by 'imatw*ud^ g^Hto md modifed 
follows: fit is first tested with um&nnosidases to fori™ back &e teimiml in&annogyl gnomes. A 
PBGyWed N-^»e^gjhM>ossaia^ group fa $hm added uasmg QnTI and a suriteble donor of 
PEGyiated N-acetylgliicosamra 
15 * In another exemplary OTjbodknsaij, nine invration provides snefcods for* modifying 
btoMbsss, as shown in FigMes 41A to 41M. In Figuir© 41B 9 iroMnas© expressed in 
mmmtmRim cells fa fegft touted with gkMdto&s to faroi back riaMc rid «d fa Hihiggt 

PEGyWedii^gSTSC^ fin Figiucr© 41Q Turokmsss 

<g%ptggrf fa M^™nM lim Offfe fa feat tested wiiftfo ^fli^gfaga fan tbHm fofrcEr gfaJfe frsM rcsAifasgp 
20 tifaPEGyta^ 

rasing STSGsB and a sMc arid donor. In Figose 41B, raoMmase <gspiP£SS©d in aiMimrfffl 
system fa ffinsi touted wMk sfalidase end ggflastosidase to for™ back gftysosyt dMns, tea 

25 gKpgsrf fa infflfl^TrosJKfforc cdlfa fa feft ftotited wfflu gfaflidass to trim bask sMic add stssife^ 
flhraPEGylffiM 

using ST3GW3 end a sialic sod donor. In Figoare 41F g iirokkase expressed in mmmdim 
cells fa modified by capping appropriate tonninal iresidbes wMn & sMic sudd domor tShM fa 
modified with levuliiaiic acid, addiBg a reactive ketone to &© sialic srid dkmor. AJte addition 
30 to a glycosyl residue of flue pqstide, the ketone fa dmvsstized wish a moidy w&ch as a 
hydrazine- or amine- PEG. In Figure 41G, ggokfaiase ^pressed in mammalian cells fa 
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sMyktefl rasing a sialic sod donor and a 2,^sMytansferase. Ik Hgm© 411, uroMmse 
espzess©d in insect cells is modified in Sue Mowing steps: firsts N-ace^gtHMmmk© is 
added to fee polypeptide using si staitsJble donor of N-scdtj^glBcosmsme and one or moire of 
GaT I, n, IV, anad V; feen PEGylated galactose is added, Bsing at gafectos^tasfoim© and & 
5 donor of PEG-galactose. In Figure 4 1 J, iroMmse expressed in yeast is firsfc tated wife 
eadoglycanasetotrim^ 

a gala^sytemsfejras^ ami feeai PEGylated rasing ST3GaB and a donor of PBG-sM© add. 
la Figure 41K, urokinase espressed in mammalian cells is first contacted wife ST3GaB md 
two meactive sialic acid residues feat are connected via a Hnfre r, so tot the polypeptide is 

10 attached to one ineactive siaKc ac^ Th© 
polypeptide is then contacted wife §T3Gall sod desialylated msokmase parotaosd in 
mamnoalisai cells, and fei&s becomes connected wife a second molecule of moMbes©, Item, 
fee whole moleaale is ferfeer sialylated using a sialic donor and STSGall and/oir STSGaB. 
In Figure 41 L* isolated nxolrimase is first treated wife sulfohydrolase to remove sralfete 

15 , grains, and is feen PEGylated rasing a sMylftansferase aMadonorofPEG^siaHc add. M 
Figure 4 1 M, isolated isrokinase is first treated wife sidfbhydrolase and hexosaminidase to 
ranov© sralfete groups and hexosaniine gironsps, and feen PEGylated using a 
galactos^lteansfease and a donor of PEG-galactose. 

M smoUte* <sK<mspiMy <msbo$sm&xb fe© iwrafion pravidss m(S&0ds for m^nxdbitfynBg 

20 BNasel, as sk»wn inFagraires 42A to 42EL M Fig&Bre 42B, DNas© I is (ssqpiresssdl in a 
mmroali™ system and modified in fee following stops: first, fee protean is treated wife 
siaMdase to trim back fee sialic add residues; feen fee protean is PEGylated wife ST3GM3 
nsingadonorofPBG^iaM M Figrcre 42C, BN&se I e&p^ 

ito felted wife daMd^ to timbsAfes sialic add r^dni^ femPIBG^^lated wife ST3GsB 
25 nsingafEG^daIcadddbnoir 9 and 

lot Figm© 42D, DNssse I op^ssed in a mammalian system is first exposed to sklidase and 
galactosidas© to trim back fee glycosyl groups, feen galactosylated using a galactose donor 
and an a-galactosyltransf&ase, and feen PEGylated using ST3Gal3 or sialyteansferase and a 
donor of PEG-sMic add, la Figore 42B, DNase I expressed in mammalian cells is first 
' 30 treated wife siaKdase to trm 

a PEG-siaKc add donor, and feen sialyiated wife ST3GaB using a siaMc add donor. In 
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Figure 42F, BNas© I expressed in raanmsfci cells is modified by cs$png sjppropisjfc 
tmninal residta 

reactive ketone to flue sialic acid donor. Ate addition to a glycosyl residue of 1!he peptide, 
fee ketone is derivatized wMh a moiety stnch as a hydrazine- or amine- PEG. IhFigure42G, 
5 DNase I expressed in mammalian cells is sialylated using a sialic acid donor and a 2,8- 
sialytomfeas©. In Fi guire 421, DNase I (exposed in insect cells first fas N- 
acetylgjiioosm^ ad The 
protein is them PEGyiated losing a galactos^femsferas© and a donor of PEG-gakctoss. h 
Figure 42J, DNase I expressed in yeast is first treated ^riA eodoglycamse to trim back flu© 

10 glycosyl uaiis, thoL galactosylatod losing a galactose donor and a gaiactosjdtansfeassp aasd 
then PEGyiated using ST3G®B and a donor of PEG-siaHc acid, fin Figure 42K, ONase I 
expressed In mammalian cells is first contacted with STSGaD and two reactive sialic acid 
residues connected via a Hater, so Hhat the polypeptide as attached to en® reactive sialic acid 
viaflhe linker and flue second siaKc add residue. Hie polypeptide is then contacted with ' 

15 .ST3G&11 and desialylated a-l-protease inhibitor, and flras becomes connected with the 

inhibitor via fliesialic acid residue. lta*1!he polypeptide is ftaher sMylated using a 
i 

suitable donor and STSGall and/or ST3GaB. 

In another e&omplaxy (smbodiimieatp the invention provides methods for modifying 
insulin that is iDoutafted to contain N gSycosylation site, as shown in Figures 43A to 431*. In 
20 Figure 43B, insulin expressed in a manssnalian system is first treated with sialidass to tram 
back fihe sialic acid residues, and &sa PBGylatod ™jng §T3Gal3 and a PBG-sialic acid 
donor. M Figure 43Q insulins^ 

N-aceflylgfacosamine nsang an appitopriiatQ donor md . GnT 31 and/or EL Ira Figure 43B, inrolin 
esqpressedinyeastisfiM 

25 PEGyiated wring a galactosyiteTOfa^ md a donor ofPEG-gakctoss. ]nFigure43F 9 

insulin mpr^^ in m^^^^ cells is first ifoeaferil with paflidflga to txfan back flhte sialic acM 
residue and then PEGyiated using ST3Gall andadonorofPEG-siaHcacid, fin Figure 43G, 
insulin expressed in insect cells is modified by means of addition of PEGyiated galactose 
using a suitable donor mA a gafectosyltosfemse. In Figure 43H, insulin expressed in 

30 bacteria fi^hasN-acetylgalactoss andN- 

acetylgalactosamine transferase. The polypeptide is then PEGyiated using a sialyitransferase 
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and a donor of PEG-sialic sod. Ik Figisre 43 J, insiolin <^^e^©dkbsctt^ is modified 
ttaOTgfa a diffrasnt me&od: PBGylated N-ac^gskdto^sake is added to is© protek vmng a 
sratable donor and N-ace^ fa Figure 43K, imgnlmi expressed in 

bacteria is modified following another scheme: the polypeptide is first contacted with N- 
5 acetylgalactosamine transferase and a reactive N-ace^galactosamine tot is derivatized with 
a reactive sialic add via a Im fe r, so that flue polyp eptide is attached to the reactive sialic add 
via the link©" and N-acety!galactiosamine. The polypeptide is then contacted with 8T3Gal3 
aM asMo-transfesio,' Then,the 
polypeptide is sialytetedl using ST3Gal3 and a sialic acid donor. In Figure 43L, insulin 

10 expressed in bacteria is modified rasing yet another method: the polypeptide is first exposed to 
NHS-OO-linlser-SA-CMP and becomes connected to the reactive sialic acid reside© via the 
Mfgr . The polypeptide is then conjiBgafed to transfemn using ST3Gal3 and asialo- 
transferisL Thra, the polypeptide is forth©: sialylatod Trnflrinnig ST3Gal3 and a sialic md donor. 
In another exemplary embodiment, the invention provides methods for modifying 

IS .Hepatitis B antigen (M antigen-preS2 and S), as shown in Figures 44A to 44K. HhFigure 
44B, M-antigen is expressed in a mammalian system and modified by initial treatment of 
sialidase to trim back the sialic acid residues and subsequent conjugation with lipid A, using 
ST3Gal3 and a reactive sialic acid linked to lipid A via a hnk^r. In Figmr© 44CL M-antJUKOT. 
expre^ed in unammalian cells is first tmestod with sialidase to trim back She tormina! sialic 

20 acid raidtoeSp then confiiiigated with tetams toxin via a fate urang ST3 Gal 1 and a insadfive 
siaHc acid residue linked 

sialic acid donor. In Figsare 44D, M-antig&i expressed in a mammalian system is first teste! 
with a galactosidase to t&rihna badk galactosyl residue and then snalylated nusing ST3G®B and 
a siaMc acid donor. The polypeptide thea has sialic acid dsrivafeed with KLH added using 

25 ST3Gall and a suitable donor. In Figere 44E, yeast expiressed M-antigen is fizst teeated with 
a mannosidase to torn badk the mannosyj residues, and then conjugate! to a diphtheria toxin 
using GnT I and a donor of N-acetyi^mx)SMKike linked to the diphtheria toxin. JhFigure 
44F, mammalian cell expressed M-antigsn is modified by capping appropriate terminal 
residues with a sialic acid donor that is modified with levulinic acid, adding a reactive ketone 

30 to the sialic acid donor. After addition to a glyeosyl zesidne ofthe peptide, the ketone is 
derivatized with a moiety such as a hydrazine- or amine- PEG. In Figure 44G, M-antigen 
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obtained ffimmi a mammalian system is remodeled by sMyMojn mmg a sialic acid doator mi 
poly <& 2,8-sMyltensiferase. Ezn Figiare 441, M-an%sa esxpsssed 5m ins©ct cells is conjugated 
to a Neisseria protein by using QaT H and a suitable donor of N-^cetyl^ucosanme Molted to 
the Neisseria protein. JhFigin^44J,yeastespressedM^ 
5 endoglycanase to trim back its glycosyi chains, and then conjugated to a Neisseria protein 
using a galactosyliransferase aM a proper donor of galactose linfced to the Neisseria protein. 
Figuro44K is another emnple off modified The 
polypeptide is ffiirst treated with aaaj 
then has N-acetyigtucosamine added using GnT I and/or H Subsequmtly, the polypqrtide is 

1 0 galactosylated losing a galactose donor and a galactosyltiansf&ase, and then capped with 
sialic acid residues using a sialyltransfease and a sialic acid donor. 

In another exemplary embodiment, the invention provides methods for modifying 
human growth hormone (N, V, and variants thereof, as shown in Hgui^ la 
Figure 45B, human growth hormone either mutated to contain a N-linked site, or a naturally 

15 . occurang isofom to 

mammalian cells is first treated with sialidase to trim badstaninal sialic acid residues and 
subsequ/aaflyPEG3datodwiflxST3GaB and using adonorofPEGylatedsiaKcadd. IhFigure 
45C, human growth hormone expressed in insect cells is modified by addition off PEGyilated 
N-acdtylgJwosamine using GnT I and/or n and a proper donor off PEGyiated N- 

20 acdylgtax^samineL In Figmnns 45D S toman growth homnone is espre^ed in yeasty touted 
with Eado-H to trim b ack glycosyi groups, and further PEGyiated with a 
galactosyltransferase using a donor off PEGj^ated galactose. IhFigQinre 45F, human growth 
homoEe^iBucin fusion protein expressed in a mammalian system is modified by MtM 
treated off sialidase to teim back sialic add iresicfaes and subsequent PEGytafiom using a 

25 donor of PBG-sialic add and ST3Gail. In Figure 45G„ tanan growth hcomoneHinEck fiision 
protein expressed in insect cells is ranodeled by PEGylation with a gakctosj^transferase and 
using a donor off PEGyiated galactose. Jh Figure 45H, human growth homone-mucim fiision 
protein is produced in bacteria. N-acetylgalactosamine is first added to the fusion protein by 
the action of N-acetylgalactosamine transferase using a donor off N-acefylgalactosamine, 

30 followed by PEGylation of the fusion protein using a donor of PEG-sialic add and a' 

sialyitransferase. Figure 451 describes another scheme of modifying bacterially expressed 
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human gsowth homone-mudn fbusiom protein: tins fusion protein is PEGylatod Sramgh tShe 
action of W-fflcdtyigalH^sMsfe ttansfems© ussmg a donor of PBGylated N- 
acetylgalactosamin©. Figms 45 J provide a further rsnodeling scfaenn© for fannnaa gra>w& 
homxone-mucin fusion protean. Thefimonpmtekisfot contacted withN- 
5 acetylgalactosamine transferase and a donor of N-acetyigalactosamMe tha£ is derivatized wife 
& reactive sialic acid via a linter, so tot the fusion protein is attached to Ufae reactive sialic 
add via Hhe linker and N-acetyigakctossmine. The fusion protean is tihsi contacted with a 
sMyfairffemse md asMo-tasnsfoffim, md thus become comnested wife teosferrin via She 
sialic acid residue. Then* the fission protean is c^$ped with sMc add zmdees losing 

10 STSGaO and a sialic acid donor. In Figure 45K, yet another scheme is given fe 

modification offeror growth homione(N) pmdecsd in bacteria. Tfifre polypeptide is fist 
contacted wish mS<JO-linka:^A-CMF and becomes coupled with «he meactive sialic add 
through the linker, Tlhe polypeptide is then contacted wiiSh STSGaB ewi asMo^miisfe™ 
and becomes linked to tansferm Then, the polypeptide is 

15 'sialylated using ST3GaB and a sialic add donor. 

M another exemplary embodiment Hhe invention provides methods for remodeling 
TNF irecqptor IgG fiasion pratem (TOFR-IgG, or Eabrf™), as shown in Figures 46A to G. 
Figure 46B illustrates a modification procedure in which TOER-IgGp expressed in a 
mammalian system is first sMyflated witin a sialic add donor and a sMjdtransfea^ 

20 ST3Gdl;lfaeft&ioffl 

g^sicteyltasisfess©; tiaen, the fission protein is PEGyisted via the action of ST3 GaB and a 
donor of sialic add derivatized with PEG. In Figure 46C, TNFR-IgG ©qH©^©din 
mmmallim eels is initially tataS. wMa ssaMdas© to Mm back sialic add inssidtess. PEG 
moieties £2© srabs^e&rfly attadned to TMPR-IgG by way of tansfenrmg PBGyllated siaMc 

25 add from a donor to the fusion pratek in aireaction catalyzed by STSGall. InFigiiiire46D p 
TNFR-IgG is expressed in a mmrngJIim system and modified by addition of PEG ttoon^h. 
the gahctosyMon process, wMch ism . 
galactose 'donor. In Figure 46B» TNFR-IgGis expressed in a mammalian system. The first 
stqp sb r&nodeling of the fusion protein is adding O-linked sialic add residues using a sialic 

30 adddonoraMasid3^t2ransfemse,ST3GalL Si&seqpzently, PBGyiated galactose is added to 
the fusion protein using a galactosyltransferase and a suitable donor of galactose with PEG 
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mdsty. fa Figaro 46F, TOFR-IgG expressed m wmnm^m cdls Is modified fat by capping 
s^jspKOpziate teminal residues with a sialic add donor tha£ is modified m$k lerolMc add, 
adding a reactive ketone to {he sialic add donor. After addition to a glycosyl reside of the 
fission protein the ketone is deriyatized wife a moiety such as a hydrazine* or amino- PEG. 
5 InFignire 46G, TNFR-IgG expressed inmanimalian cdls is resaodeledby 2,8- 

sialyitmisfemsa^ wlhich catalyzes the reaction in which PEGyiated siaKc add is transfmed to 
the fusion, protein from a donor of sialic add with PEG moidfy. 

M another eseampkiry embodiment the inveaotion provides nieShods for gmerating 
Heaxseptiri™ colligates, as shown in Figures 47 A to 47B. in Figmr© 47B, Hemgptin 1 ^ is - 

10 expressed in a mammalian system and is first galactosylated losing a galactose donor and a 
gphtdmykmrnfiscms. Herceptin^ is flxen conjugate! with a toxin via a siaMc acid thrangh 
the action of ST3Gal3 Bsing a reactive sialic add-toidn consplsiL In Mgaurte 47Q Herceptin^ 1 
produced in either mammalian cells or fiangi is conjugated to a toxin ttaH&gh the process of 
galactosylation, using a galactosyiteansfease and a reactive ga]^^ Figrare 

IS ' 47D contains another scheme of iniiaMng Herceptin™ conjng&tes: Hearceptirf^ produced in 
fcagi is first treated wit& Endo-H to trim back glycosyl groups, than galactosylated nsinga 
galactose donor and a galactosyltransferaso, and then conjuagafced with a radioisotope by way 
ST3Gal3 and a reactive sialic add-radioisotope complex- 
la anotife' e&smptay <EEiillmdiinnien^ the invCTtioara provides mdhods making 

20 Syn&gis 1 ^ conjugates, as sfawn in Figures 48A to 48B. Ik Figuire Syngas™ esqpme&sed 
m mammalian cells is first gatatosyiated Bsing a galactose donor amid a grfactosyltansferase, 
andthraPBGyiatedrasi^ In Figaro 4SC, 

Synagns^ expressed in mammafaa or fi™gal cells is PBGylated raising a gsdsdosyteaEisfease 
sad adcascsr of PEG-grfactos©. MMgiiBre48B,8ynagi^^ 

25 Endo-H to torn back the gtycosyi grasps, then galactosyiatai wing a galactose donor and a 
galactosyltransfease, and is then PBGyiatod wting ST3Gal3 and a donor of PEG^sialic add. 

In another exeanptay embodiment, the invention provides methods for generating 
Reanicade™ conjugates, as shown in Figures'49A to 49D. M Figuro 49B, Ramicade ra 
expressed in a mflmnrtaMan system is first galactosylated ming a galactose donor and a 

30 galactosyltaasf^ In 
Figure 49C, Rsmicade™ espressed in a mammalian system is modified by addition of 
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PEGylated galactose ussing a suitable donor a gdEctosjteraferss©. in Figms 49B, 
R^mcadte^ <B2q>ress^ 
then galactosyiated using a gal^^ 
to a radioisotope usmg ST3Gd3 and & 
5 In another exemplary embodiment, the invention provides methods for modifying 

Reopro, which is mutated to contaismaNgJycos^latiQHisite. Figrass 50A to SOL contain rach 
examples, la Figure SOB, Reopro expressed in a mammalian system 5s first treated with 
sialidase to teka back tfhe sialic add r^ictaes, said the PEGylatod uasing ST3Gal3 sad a domor 
of PEG-siaMc acid. In Figure 50C, Reopro expressed in insect cells is modified by addition 
HO of PEGylated N-acety^ En 

Figure SOD, Reopro expressed in yeast is first testa! with W^H to trim back ft© glyoosyJ 
groups. Subsequent, the protdn is PEGy^^ 

PBG-galactose. In Figure 50F, Reopro espnes^ in maxximalian cells is first teatod with 
sialidase to trim back the sialic acid residues and then PEGylated with ST3 Gai 1 using a 
IS donor of PEGylated sialic acid. In Figure 50G S Reopro expressed in insect cells is modified 
by PEGylation using a galactosyltransferase and a donor of PBG-galactose. la Figure SOU, 
Reopro expressed m bacterial fto 

acetylgalactosamine transferase and a suitable donor. Hie protein is flhee. PEGylated rang a 
sMyfcmsfaase and a doner of PEG-sialic add. toFagtnnre 50J, Ronpro espn^dl inba^teia 

20 is modified in a differed scheme: it is PEGylated via the action of N-a©^gdactosamins 
transferase, Bsing a donor of PEGyktal N-ace^gala£^s«me. Eh Figur© 50K, bacteialy 
expressed R&opo is modified in yet anothesr method: first, She polypeptide is contacted with 
N-^ce^galactosamine transferase and a donor of N-^cet^galactosan^ ffi&M is dedvatad 
with a meactive siaMc add via a inker, so that the polypeptide is attached to the iDeactiv© sialic 

25 add via the linker and N-acetyig^lactosamine. The polypeptide is then contacted wfflu 
ST3GaB and asMo-transfemn and thus becomes connected with tansferin via the sialic 
addresidee. Then, the polypeptide is capped with sialic add reddues using a proper donor 
and ST3Gal3. Figure SOL offers an additional scheme of modifying bacterially expressed 
Reopro. The polypeptide is first exposed to NBS-CX>-linte^A<MP and b^anes 

30 connected wiih the reactive sialic add through the linker. The polypeptide is Shm contacted 
wish ST3Gal3 and addo-tramferin and thus becomes connected wi^transfmin via the 
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sialic aridresidtoe. Tlk^ the polypeptide is capped with sialic addrmdta iisskg apira^ 
donor ®ad §T3Gffil3. 

In another exemplary aBbodim^ the invention provides methods ifep^dirasig 
Ritom™conjngste. Figures 51 A to 51G presents some examples, la Figure 5 IB, 
5 Rituxan™ expressed in various mammalian systems is first galactosylated ussing a proper 
galactose donor and a galactosyltransferase. The peptide is then fimctiomfeed with a sialic 
add derivatized with a toxin moiety, iflsnnnig a sialic acid donor and ST3Ga33. Ik Figure 51Q 
Ritcxan™ expressed in mammaHan cdBs or fimg^l eels is galactosylated mmg a 
galactosytansfearase and a galactose donor, which provides the peptide galactose containing 

10 adragmoiety. Figure 51B provide another example of remodeling Ritaan^ expressed in 
a fungal system. The polypeptide^ glycosyi giroups are first trimmed back rasing Tt^do-H, 
Galactose is then added using a galactosyltaasfems© and a galactose donor. SiiabsequMfly, & 
radioisotope is conjugated to the molecule through a radioiso top©-co3nnsple3i©d sialic acid 
donorandasialyltransferase,ST3Gal3. In Figure 51F, Mtuxari™ is pressed ina 

15 .mammalian system and first galactosylaied using ag^lactosytoansfesrase and aproper 
galactose donor, sialic acid with a PEG moiety is tea attached to the molecule using 
ST3GW3 and aPEGyiated sialic acid donor. As shown in Figrae 51G, Ritnmsa™ expressed 
in fimgi, yeasty or mammaHsin cells can also be modified in the Mlowingprmssss: first, Sine 
polypeptide is treated wife©- asud p-mamosidases toE®^^ 

20 GlcWAc is then attached to Hke molecri© using GnT-PI and a GlcNA© dtairar, iradioisotop© is 
thsa afladhed by way of galactosySation using a galactosyltransferase and a donor of 
galactose that is coaled to a dheMkg moiety capable of binding a radioisotope. 

A. Creation or ettm^^^ nfi^lMrafl ^vrassvilation sites 

25 The pmssrat invention conta^lates the use of peptides in which the site of the glycan 

chains) on the peptide have b©sni altered &m that of the native peptide. Typicaly, N-linlsed 
glycan chains are linked to the primary peptide structure at asp aragme residues where the 
asDara&me residue is within an amino acid sequence that is recognized by a m@ubmne-bound 
glycosyitransferase in the endoplasmic reticuhm (ER). Typically, flue recognition site en the 

30 primar y peptide structure is the sequence asparagme-X-^erme/threonine where X can be any 
amino acid except proline and aspartic acid. While this recognition site is typical, the 
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invm&on fftefflho: encompasses peptides that taw N-Bnntei gSyosm dhsms M ofcr rm>gmation 
sites wtere tike N-Hmked dhrass are'added msmg Mtosl or ir©omnnibmsn£ glycosjtomsiSaras^. 

Since tSue ^cognition site for N-linloed glycosySafion of a peptide is taown, it is 
within the sMH of persons in the art to create xnuiated primary peptide sequences wtem a 
5 native N-linked glycosylation recognition site is removed, or ritemdwly or in addition, one 
or more additional N-glycosyM^ Most simply, an s^ssragke 

residue can be ramioved flora the primary sequeance of the peptide thereby removing the 
attachment site far a glycan, thnfa removing one gjycan foam the mates peptide. For 
example* a native recognition, site with the sequence of asparaAe^ serine^g^ine cm be 

10 genetically engineered to have the sequence lessme ^edne^grane. thus effierimfcig aN- 
IMed $ycosy!ation site si this position. 

Fonrthea:, an N-linked glycosyiation site can be ranoved by altering the residues in the 
recognition site so that even though the asperagme residue is presmfc, one or mam of the 
additional recognition residues are absent For example, a native sequence of asparagin©- 

115 ' serine -serine can be mutated to asparagmo^erine -lvsine. thus eliminating an N-glycosyiation 
site at that position. In the case of N-linked g^ycosylation sites comprising residues other 
than fee typical recognition sites described above, the sEriHed artisan can ddbanme (he 
sequence and iresidues required for recognMon by ^ 
tBiei mutate alt least one residue so the appropriate 

20 that site, in othea: womtfls, it is well within the bMHI of the artisan to manipulate the primscry 
sequence of a peptide such that glycosylate sites are either created or are mam ved, ®r both, 
thereby generating a peptide having an ©Steed gjlysogyiatiom pattern. I1heinv^ond»M 
iteefore not be construed to be limited to any primary peptide sespsnice provided task sis 
the sole sequis&c© for giycffl. insmcde!lin& buft ralte Aould be ©omtaaed to kriude any md al 

25 peptide sequences suitable for g&ycan remodeling. 

To create a mutant peptide, the nucleic acid setpence encoding the primary serpusac© 
of the peptide is altered so that native codons encoding native amino add residues axe 
mutated to generate a ccdon encoding another amino acid residue.- Techniques for altering 
nucleic acid sequence are common in the art and are described for example in any well- 

30 known molecular biology manual. 



•240- 



is. addition, thenucldc acid encoding apmusy peptide stractae can be synthesized 
m w#y> 5 uasing standard itedMqess. For example, a muddle radl molecule cm be gytathesissd 
ma w gene machine" Bsing protocols such as the phosphoramidite xnethodL If dhsnoiically- 
synihesized donble stranded BNAis required for an application such as the syndesis of a 
5 nucleic add or a fragment thereof then each complementary strand is synthesized 
separately. The production of short nucleic acids (60 to 80 base pairs) is tedmicaffly 
sfasigjhlforward and can be accomplished by synthesizing the complementary stands and 
then annealing them. For the production of longer nucleic adds (>300 base p&ks), special 
strategies may be required, because the coupling effidency of each cycle during chemical 
10 DNA synthesis is seldom 100%. To overcome ffitis probl^n, syndetic gm@& (dtoimbl©- 

stranded) aire assembled in modular form fin singj ©-stranded ffiaganenfe Utai-ssr© fiom 20 to 
100 nucleotides in leanglh. For ireviews on polynucleotide synthesis, s©s, for erannptej, GKdk 
and Pasternak (Molecular Biotechnology, Principles and Applications of Recombirasit DNA, 
1994, ASM Press), ffiataxra efc al. (1984, Amm. Rev. Biochem, 53:323), and CKmie et aL 
15 -(1990, Proa NaW Acad ScL USA 87:633). 

Additionally, changes in the nucldc add sequence encoding the peptide can be made 
by site-directed mutagenesis . As ml be qppredatoJ, this technique typically employs a 
phage vector which exists in both a single stranded and double stranded fomiL Typical 
vectors TOefM in ssto^dSrec^ moiEtagenesis msMM vectors srah as the MO phage. Ttes© 
20 ]plhs^maw^MymmMsih amnd tikekiiD^is g&sraHy wel kntmn to those sHIM m tSu© sst 
Double stranded plasmids are also routinely employed in site^ri&ected mutagenesis which 
eliminate the step of tmiisifenrinrig the nucfeic add of interest torn a plasmid to a phage. 

to general, sitendfeectol mutagCTesis is psrfomed by first obtaining a sangje-stafcded 
vector or melting take two stOTads of a double standbd vector which includes TOlSm its 
25 seque&ce a DNA sequence which encodes the desired peptide. An oKgonuclootide prinnsr 
bearing the desired mutated saqpmsace is prepared genially synthetically. This primer is thm 
annealed with the single-stranded vector, and subjei^ to DNA polymoizing enzymes sudi 
as R coli polymerase I Klenow fragment, in order to complete the synthesis of the mutation- 
bearing strand. Thus, a hetoaroduples is formed herein one strand encodes the original non- 
30 mutated sequence and the secondstrand bears the desired mutation. Uris hetoodtaplex vector 
is then used to transfom or tansfect appropriate ^ coli cells, and clones are 
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selected vM.dk mctodte mcmsSbmmt vectors bearing fee Krateted seqpmce sraagmiaL A 
genetic selection scheme was devised by Kjankd eft si (1987, EjimM eft ai, Me&ods 
BazymoL 134:367-332) to enrich for clones iacoipoirafeig fee mutagenic ohgonucleotide. 
Alternatively, Ac rase of PQR™ wife commemaly available ttnmostable enzymes such m 
5 Taq polymerase may be used to incorporate a mutagenic oligonucleotide pirn©: into am 
amplified BNA fragment feat casa thorn be domed into an appropriate cloning 
vector. The PCR^mediated nnutagmesis procedures of Tomic et aL (1990, Nucl. Acids 
Res., 12:1656) and Upender et aL (1995, Biotedrnqiai^, 1829-31) provide two examples of 
such protocols. A PGR™ employing a feomostable ligase m addition to a feesmostable 

10 polymerase may also be used to in^ipoimte a phospfaykfed mutagenic oligonucleotide into 
an amplified DNA fiagmaraS feat may Ifltaii. be cloned into ssn appropriate cloning or 
expression vector. The mutagenesis pmcediro described by Michael (1994 p Biotec&niques 
16:410-412) provide an example of one such protocol 

Not all Asn-X-S es/Thr sequences are N-glycosylated suggesting flue context in which 

15 -the motif is presented is important In another approach, libraries of mutant peptides hawing 
novel N-linked consensus sites aire created in order to identiify novel N-linked sites that are 
glycosylated m vim and sure bmefficial to the activity, stability or outer characteristics of fee 
peptide. 

As noted previomly, fee com&SEigus seqimce fibar fee addition of N-ffinked gEycan 
-20 dhiaimskglye^^ Ife nucleotide 

sequence encoding fee amino add two positions to fee casboxyl taminal side of fe© Asa may 
be mutated to enct^ 

oxdrnmysMEinfeessl As stetod stove not ai A^X-&flto site are modified by fee 
addition of gEycsns. Tlh&retffoires, each mmIAiM unmfeted gly©apmftsin must be ^pressed in 

25 a fungal, yeast or animal or mammaUasu expression system and analysed far the . addition of 
aa N-Hntefl gjiycan chwn. The tedhcdques fear the diiamcteizatiim of ^lycosyMon sites ere 
well known to one skilled in the art Pmtte, fee biological function of fee mutated 
recombinant glycoprotein can be determined using assays standard for fee particular protein 
being examined. Thm p it becomes a staple matter to manipulate fee primary sequence of a 

30 peptide and identify novel glycosylate sites contained feerein, and further dtomiae fee 
effect of fee novel site on fee biological activity of fee peptide. 
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M m alternative emlxKijme^ the mcteotid© sequence <sacodmg the amino add Mo 
positions to fflie amino teraainal side of S<H/T5nr nesidtaes may lb© nratated to encode m Am 
using standard procertaes Iknown to those of cmhmcy sMl in the Thepoceritortesto 
determine whether a novel gfycosyiation site has besa aeated and the effect of this sit© on the 
5 biological activity of th© peptide sra described above. 

B. Creation or elimination of Q- lfalrart ffly rosvlation sites 
The addition of an Q-lin&ed glycosylation site to a peptide is coweKriratiy 
accomplished by altering the primsory amino acid sequmc© of the peptide such that it contains 
one or more additional O-Mnked glycosylates sites compared wife the beginning primary 

HO amino acid sequence of the peptide. The addition of an O-lisfad glycosytation site to the 
peptide may also be accomplished by incorporation of one or more amino acid species into 
the peptide which comprises an -OH group, pefeably serine or threonine residuies, within 
the sequence of the peptide, such that the OH gmorap is accessible and available for ©-linked 
glycosylation. Siniilax to the discussion of alteration of N-linlM 

15 'peptide, the primary amino acid sequence of the peptide is preferably altered at the nucleotide 
level. Specific nucleotides in the DNA sequence encoding the pqjtide may 1te altered such 
that a desired amino acid is encoded by the sequence. Mmitation(s} in BNA ©re preferably 
made using methods kraown in the art, such as the techniques of ptosphoramidfee mdhod 
DNA syntfais and sito^dkected minitagraesis described above. 

20 Altanati vdy> the nucleotide seapsnsc© encoding a pratativ© site for Q4imted gfycam 
addition cm be added to the BNA molecule in on© or several copies to either 5* or the 3' end 
of the molecule. The altered DNA sespsace is then expressed in any one of a fongaS, yeast, 
or gnmlim^JI or msMMBaMan espinsssion system florcd gjjnisly2B©d for the addition of the se^msnsc© to 
the pqptide srf ^tefihsr or not fiMs seqiiflgac© is a itoctionri O-Mnked glycosylation site. 

23 Briefly, a synih^c peptide ac<^^ 

nndeotidemolecnle. In jprindple, the addition of this type of seqpsace is less disruptive to 
the resulting glycoprotein witai expressed in a suitable esqpression system. The altered DNA 
is then expressed in CHO cells or other suitable expression system and the proteins expressed 
thereby are examined for the presence of an (Mfatioed glycosj^stion site. In addition, the 

30 pres&ic© or absence of g^ycan chains can be detomined* 
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Ik yet mote approach, advantageous sites for lew O-iM site may be fcnmd k & 
peptide by cs^Bafing libraries of flue peptide coxiitsiBmg various n&ew ©-linked site. For 
example, Hfo© conscaisos amino add sequence fflwr N-scei^gakctossimine addition by aaN- 
acetyigalactosaminylt^^ The ammo add 

5 sequeiceofapqjtide may be scanned to id®H^ OTX^gaxous groins of amimo acids tot cam 
be mutated to geaea-ate potential sites for addition, of ©-Inked glycm ctoms. Hikes© 
mutations cm be geaeratoi using standard procedures known to those of ordinary skill in flue 
art as described previously. In oxnte to detemine iff my discovered glycosyiation site is 
actually glycosylated, eadireiximbin^nuiMedpqjtideis lllimeqimsedmftmrif&ble 
10 expression system and is siubsequrafly analyzed for the addition of the site and/or tfflne 
pseseice off sb (Delinked glycan chain. 

C. Chemical syndesis of p e ptides 

While the primary stractoe of peptides useful in the invention can be geaemted most 
efficiently in a cell-based expression system, it is within the scope of the present invention 
IS -that the peptides maybe gmeaated synthetically. Qiemical synthesis of peptides is well 

known in tine art and include* without limitation, stepwise solid phase synthesis, and fragment 

conifasaition eithsr in solution* or on solid phase. A classic stepwise sold phase gyMhesis off 
jgyohfes <wwn1gnrifly Inkling ami™* surM mnre^mBdmg to the <&Mrasty^te^ mvmnrt flvciid 

of the desired peptide chain to a sold supposS and esteidiBg Ah© peptide chain toward tine 
20 mmm toy stepwise coupling of activated ammo add dsriivatives toving activated 

caxfeoxyi groups. After completion of the asseanbly of the iWy protected solid phase bmmd 
peptide dhiain, the peptide-eoMd phase covafafc atSadsm<saJ is cloved by citable dtesnisfoy 
md toprotectmg grasps aire tfanoved to yield the podtact peptide. See, R. Mesriifield, Sold 
Fhase P<e^tide Syssftesis: Ite Synthesis of a Tdrapqptide, J. Am, Ghsm. Soc* 855149-2154 
25 (1963). He longer the peptide chain, the more dhallagiinig fit is to obtain MghipM% weE- 
detiBedpoodncts. Bu© to to prodimction of complex naixto^ A© stepwise solid phase 
synthesis approach has size limitations, hi general, well-defined peptides of 100 contiguous 
amino acid residues or moire are not routinely prepared via stepwise sold phase synthesis. 
The segment condensation medhod involves preparation of several peptide segments 
30 by the solid phase stepwise rneflhod, followed by cleavage te the solid phase and 
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piimfication of tinese maximally protected segmessfls. The protected segments am corndtasad 
om©-hy-one to tfih© festt gegxmCTt, which is tooismd to the solid phas©. 

The peptides useful m ths preseaai kvention may be synthesized by aciws solid 
phase synthesis, partial soMd phase methods, fragme&t condensation or classical sokotum 
S synthesis. These synthesis me&^ 

example* Memfield, J. Am. Chem. Sec. 855149 (1963), Stewart et aL, "Solid Phase Peptide 
. Synthesis" (2md Edition), (Merc© (Qiemical Co. 1984), Bayer md Rapp, Ouctl Pept Ptot 33 
(1986), Atherton. et aL, Solid Phase Peptide Synthesis: A Practical Approach (URL Press 
1989), Fields and ColowicJk, "Solid-Phase Peptide Synthesis,' 9 Methods m Rizymology 

10 Votaxne 289 (Academic Brass 1997), md Uoyd-Wiffi™s aL, Cheamcal Appiroaches to th© 
Synihesis of Peptides and Peptides (CRC Pmess, Inc. 1997)). Variances in total chemical 
synthesis strategies,, such as ^native chemical Kgation" and "expressed peptide ligation^ sse 
also standard (see, for example, Bawsom et aL, Science 266:776 (1994), Hactog at aL, Prac. 
Nat 0 ! Acad. Sd. USA 94:7845 (1997), Dawson, Methods EnzymoL 287: 34 (1997), Mm: et 

15 * dp Proc. Na£l Acad. ScL USA 95:6705 (1998), and Sevemaov and Muir, J. Biol. Ghem. 

273:16205 (1998)). Also usefisl axe flue solid phase peptide synthesis methods developed by 
Gryphons Sciences, Son* San Ftamsoo, GA. Ses, U.S. Patent: Nos. 6326,468, 6,217,873, 
6,174,530, and 6,001364, all of which are incorporated in their entirety by rdSsnanice tansk. 

20 B. Posft-tr^Morcal smodificafioBS • 

1 will be appreciated to on© of ordinary sMl in the art that peptides may unsfago 
post-trsnslatioiiial modification beside th© addition of N-l&nted and/or 0-Mnked gSycans 
thereto. IS is contea^lated fflhafi peptides having poM4irmsllational modiiB^OTS outer ttan 
glycosyJation cm be mod as p<spti<fe in tShs kv<snitio% as long as the desired biological 

25 activity or Amotion of the peptide is Mia^MAed or impoved. Such post-fcranslaticsiial 
modifications may be natural KmcdifflcatioBS nnsmlly cmied oust m ww, or tsnigiiniesnsd 
modifications of the peptide carried w&m vitro. Contemplated knowsi modifications meted©, 
but are mot limited to, acetyl&tion, aeration, ABP-ribosylation, amidation, covalent 
attachment of flavin, covalemt attachment of a bmm moiety, covakat attachmrat of a 

30 nucleotide or nucleotide derivative, cov&lrat attachment of a lipid or lipid derivative, covalent 
attachment of phosphotidylimositol, cmss4inMng, cyclizatioB, disulfide bond formation, 
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tadijMcij fbsmatioB of covalmt o^ssWks, formation of cystoma jfomuotin of 
pymghtoaste^ ifomyMioEx, gmmmcadjoxyiatiorai, glycosylation, GPI aacfar fomrfc% 
hydzosyiatiom, iodkation, mdhyiation, myristoyMon, oxidation, pmteolytic processing, 
phosphorylation, prmylation, raceraization, seleaoyiation, sulfetion, traasfer-lNA mediated 
addition of amino acids to peptides such as argmylation, and ubiq^ Enzymes Hhat 

may be used to cany out many of flfaese modifications aire well known in th© art, and available 
commercially fiom companies SEcfa as BodEinger Mannheim (Wlim^poKs, IN) and Sigma 



Such modifications are well known to those of skill in fee art and have bees described 

10 in great deiail M fflae scientific liteatare. Several particularly ccumninoai modifications, 

glycosylation, lipid atft&chrneiit, sulifatEon, gamma<5arboxylation of glutamic acid lresEdtoss^ 
hydroxylation and ADP^ribosyiatioini, for mstssnice, are described in most basic tads, such as 
Peptides-Sfcructae and Molecular Properties, 2nd Ed, T. E. Craghtan, W. EL Freeman and 
Company, New York (1993). Many detailed reviews are available on tibis subject, such as by 

15 * Wold, F., Post-tanslafional Covalmt Modification of Peptides, B. C. Johnson, Ed, Academic 
Press, New Ye* 1-12 (1983); Sdfter et al. (MetiL EnzymoL 182: 626-646 (1990)) and 
Rattan et aL (Ann. N.Y. Acad ScL 663:48-62 (1992)). 

Covaleait modifications of a peptide may also be introduced into tihe moleoale m v&ro 
by reacting targeted amibnio-acid residues of the peptide wife an organic d^Bvafizfaiig agsmt 

20 that is enable of m^ctfeg with selected side chaims or tennnroal amnrccHacid residues. Most 
commonly dmvatized residuum arts cystdnyi, Hstidyi lysinyi argmyl, tyrosyi gtaftsmMyi 
asparaginyl and ggnnrinnift) terminal r&sMues. Mydroxylation of proline and lysine 
phosphorjtetioEi of hydroxy! grasps of seryl and itesmyfl residues, m^h^Iation of th© alpta- 
asnino groups of lysine, MMadsns, md MstidiBs side drains, acdylation of &© N-teminsl 

25 amine and amidation of th© C-tennninial cazfeoxylic grasps. Such derivatiz©d moieties may 
improve A© soWbffilly, absorption, biological half life sod the Mfe. Themok&es may also 
eliminate or attenuate assy undesirable side effect of fine peptide md the Kke. 

In addition, derivaiizaiion with bifimctional agenis is useful for cross-linking the 
peptide to water insoluble supg^ matrices or to Commonly 

30 used cross-linking agents include gtataraldehyde, N^iydros^uccinimide esters, 

homobifunctional imidoesters, l,l-bis(-diazoloacetyl)-2^h©ij^e&ane, andbifunctional 
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maleixnides. Iterivatizing ageots sudi as methyI-3-[5^azi^ 

yield photoactivatable intamiediates tfihat sre capable of foaming csossiaks in flm presence of 
Eght Alternatively, reactive water-insotable matrices such sb cyanogten tecraidte activated 
carbohydrates sad the reactive substrates described in U.S. Pat Nos. 3,969,287 and 3,691,016 
5 may be employed ifor peptic^ 

B. FesioaT^tides^roMdles 

Peptides rasefhl in the present invention may compos^ fiision peptides. Plosion 
peptides sore particularly advantageous where biological and/or tmctioml characteristics of 
• 10 two pq>tito sre desired to be combined in one peptide oiolecole, Snch fosion peptides cm 
preset combinations of biological activity and function tat sir© mot found in nato© to Greats 
novel and useffiil molecules of therspeiistic and industrial applications. Biological activities of 
interest snckade, but are not limited to, enzymatic activity, receptor and/or ligand activity, 
immunogenic motifs, and stractoral domains. 

15 * Such fusion peptides axe well known in the art, and the methods of creation will be 
weD-knowntothoseintheazk FarcKample^ahnmanc^^^ fission peptide 

bem made wh^ita the ^ benefits of ©-ratefeon 

combined with the long cirailating life of albumin, thearaby creating a iaerapeutic * 
composition that slows ffefoed dosing fieipemcy and potenMafly inednced side effifecte in 

20 patienfls. See, AMs&scmi!^ fom Btanm Ge&mne Sdmoes, inc. andU.S. Patent No. 

5,766,883. Outer fission peptides include antibody molecule that aire described elsewhere 
hefflooL 

F. G^essBftion of smallesr ^MogicaBv active 99 molecules 
25 The peptides rased in the invention may be variants of native peptides, wheran a 

fragment of the native peptide is rased in place of flue fWl Iragffli native pqjtide. In addition, 
prce^-, and propeptides^ Variant peptides may be smaller in size that the 

native peptide, and may comprise one or more domains of a largo- peptide. Selection of 
specific peptide domains can be advantageous when the biological activity of certain domains 
30 in the p ep tide is desired, but the biological activity of other domains in the peptide is not 
desired. Also included are truncations of the peptide and internal deletions which may 
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eaihsmce toe desfesd therapeutic effffecft of foe peptide. Anysuchfoemisof apeptideis 
contearapkted to 1b® raseful in the pes©tf invention provided tot to desired biological 
activity of the peptide is preserved. 

Shorter visions ofpep&des may have unique advantages not found in the native 
5 peptide. In the esse of human rfbuffirro, k tes bem found ffitat a terocated foam comprising as 
little as 63 % of the native albumin p eptide is advantageous as a plasma volume expands. 
The tnmcatod aHnmim peptide 5s considered to be beite* iiM the mfive peptide for &is 
therapeotic purpose because an individual peptide dose of only one-half to two-thirds that of 
natcralrhuman serum albumin, or m^mbmsonit human sman albumin is required for the 
10 equivalent colloid osmotic effect See ILLS, Patent No. 5,380,712, the entity of which is - 
'^ncorporssted by lefesoence heseiciL 

Smaller "biologically active" peptides have also been found to have enhanced 
therapeutic activity as compared to the native peptide. TThe therapeutic potatial of ELr2 is 
limited by various side effects dominated by the v^ci^ Ashorter 
15 • chemically synthesized version of the peptide consisting of residues 1-30 corresponding to 
the entire ©-helix was found to Md properly asid contain Hfe natural HL-2 biological activity 
witho^tteatteEdmg side effects. 

G. Generation of novel roeioddes 

Hie peptide of the invration maybe a derived tana a primary setpusac© of a 
20 native peptide or may be engineered raskg my of the many means tasown to tho8© of sMll in 
the art Swh ©ogmeeied peptides can be designed and/or selected toecanse of enhanced or 
novel pirop©rti<^ as cc^ Fear example, peptides may be 

©Qgme®r©dl to have incrtss^ ©mzynnie reaction irate, increased or decreased binding affinity 
toam*8tateorKgan4 altered 
-25 specificity for a substrate, Mgainid, receptor or other binding partner, increased or decreased 
stability m vitro and/or &s wo s or increased or decreased immunogfflicity in an animal 
ft Mutajiopis 

1 Rational design mufafign 

Ihe peptides useM in the mefh^ 
30 desired biological activity or function, to diminish an undesirable property of the peptide, 
and/or to add novel activities or functions to the peptide. "Rational peptide design 95 may toe 
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rased to geaierate such altered peptides. Once fee imninoacM sequel a^ . 
pqptide is known and a desired mutation planned, feemuiations can be made most 
conveniently to fee corresponding nucleic acid codon which encodes fee amino acid residue 
feat is desired to be mutated. One of sMll in the art can easily determinehow fee nucleio 
5 ^ sequence skralflbe altered based on 

preferences in fee expression system of cnoics. A mutation ma codon may be made to 
change fee amino acid residue feat will be polymerized into fee peptide during translation.. 
Alternatively, a codon may be mutated so feat fee corresponding encoded amino acid residue 
is fee same, bM fee codon choice is better suited to 
10 Forauffl^le,cys-ieriduM 

from fee mature peptide, catalytic domains may be mutated to a^ 

general, iso&mis of me peptide cam be engineered. Suchmnlan^cmbepoMpiBtations,' 

deletions, insertions and truncations, among others. 

Techniques to mutate specific amino adds in a peptide are well known in the art The 
15 technique of site-directed mutagenesis,, discussed above, is well suited for She fated 

mutation of codons. The ©Kgonucleotide-mediaied mutagenesis method is also discussed in 
detail mSambrooketal. (2001, Molecular Cloning: A Laboratory ManuaL Cold Spring 
Harbor Laboratory, New Yoak, starting at page 15.51). Systematic deletions, msertions and 
truncations can be made using linker insertion mutagenesis, digestion wife nuclease BaBl, 
20 linker-scanning mutagenesis 

(Sambrook et aL, 2001, Molecular Honing: A Laboratory Manual Cold Spring Harbor 
Laboratory, New York). 

J&mionaipepl&tle JtogamsbeensuccessMlvBsedto 
enzymes wife respect to feermoin^^ For esamiplle, fee stability of an 

IS enzynte was improved by removal of aspam^ 

J. MoL Biol 301:1041-1057), fee introduction of more rigid structural elements such as 
proline into ©-amylase (Igarashi et aL, 1999, BioscL BiotechnoL Biochem. 63:1535-1540) 
and B-xylose isomerase (22m et aL, 1999, Peptide Eng. 12:635-638). Further, the 
introduction of additional hydrophobic contacts stabilized 3-isoprcpyhnaSate dehydrogenase 
0 (Akanuma et aL, 1999, Bur. J. Biochem. 260:499-504) and formate dehydrogenase obtained • 
from Pseudomonas sp. (Rojkova et aL, 1999, FBBS Lett 445:183-188). The mechanisms 
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bdhmd t3he stabilizing effect of these mutations is generally applicable to many peptides. 
These and similar mutations sire contemplated to be useful with respect to the peptides 
remodeled in the methods of tihe present invention. 

2. Random mutagenesis techniques 
5 Novel peptides useful m the methods of the invention may b e generated usmg 

teclmiquestib^mtrod^ The 
nucleic acid is then expiressed in a desired expression system, and the resulting peptide is 
assessed ifor properties of interest Techniqoes to introduce random 
sequences areweE known in the art, and include PGR mutagenesis, saturation mutagenesis, 

10 anddegm^atooHganuicleotide^iipsBadies. See Samibrook'and Russell (2001, MoleOTfea: 
Cloning, A Laboratory Approach, Cold Spring Harbor Press, Cold Spring Haxbor, NY) and 
Ausubel et aL (2002, Cumemt Protocols in Molecular Biology, John Wiley & Sees, NY). 

In PGR mutagmesis, reduced Taq polymerase fidelity is used to introduce random 
mutations into a cloned fragment ofDNA (Leung et aL, 19S9, Technique 1:11-15). This is a 

1 5 very powerful! and relatively rapid method o f introducing random mutations into a DMA 
sequence. TheDNA region to be mutagenized is amplified using the polymerase chain 
reaction (PGR) under conditions tot reduce the fidelity of DNA synthesis by Taq DNA 
polymerase, e.g. s by using am alteed dOTP/dATP ratio and by adding Mi 2 *" to the PGR 
reaction. The pool of amplified DNA fag mm ts arts inserted into appropriate dosing v©ctas 

20 to provide raasdom mctest Mtaries. 

Saturation mutagenesis allows ffisr flue rapid introduction of a large number of single 
base substitutions into cloned DNA fragments (Mayers et aL, 1985, Science 229:242). Tins 
technique includes -gmeratiom of rotations, e.g., by chemical teataesnt or kiradMon of 
single-stamM DNA m vs&o, m& sye&esis of a complementary DNA strand. The mutation 
. 25 frequency can be modulated by modulating the severity of the treatment, and essentially all 
possible base sobstitutiom cse be obtained. Because this procedure does not involve a 
genetic selection for mutant fragments, both neutral substitutions as well as those that alter 
function, are obtained. The distribution of point mutations is not biased toward conserved 
sequence elements. 

30 A library of nucleic acid homologs can also be generated from a set of degenerate 

oligonucleotide sequences. Chemical synthesis of a degenerate oligonucleotide sequences 
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can be carried out in an automatic DNA synthesizer, and the synthetic genes may ten be 
Kgafted into an appropriate gapesrioga vector. Ill© synihesis of degenerate oHgonucleotides is 
known in the art (see for example, Narang, SA (1983) Tetrahedron 39:3; Itetora et aL (1981) 
Recombinant DNA, Proc 3rd Cleveland Sympos. M&cromolecules, ed. AG Walton, 
5 Amsterdam: Elsevier pp. 273-289; Kakura et aL (1984) Anna Rev. Biochesn. 53:323; Ealkura 
et aL (1984) Science 198:1056; Ike et aL (1983) Nucleic Acid Res. 11:477. Such techniques 
have bean employed in the directed evolution of other peptides (see, for example, Scott ©4 aL 
(1990) Science 249386-390; Roberts et aL (1592) PNAS 89:2429-2433; Devlin et aL (1990) 
Science 249: 404-406; CwMa et aL (1990) PNAS 87: 6378-6382; as well as U.S. Pat Nos. 
10 5,223,409, 5,198346, and 5,096,815). 

a Directed evolution. 

Peptides useful in flue methods of the invention may also be gmerate^ "directed 
evolution 9 ' techniques. In contrast to site directed mutagenesis tedimiques 
of the structure of the peptide is requited, there now exist strategies to generate libraries of 
15 mutations from which to obtain peptides with impxx>vedpiopaties without knowledge of the 
structural featoes of the peptide. These strategies sire generally known as "directed 
evolution" technologies and are dftfferant &om traditional random mutagenesis procedures in 
feat they involve subjecting tflte 

recursive sounds of mutation, screening and an^Kilcation. 

20 In some "directed evolution 99 techniques, the diversity in tine nucleic adds obtained is 

generated by mutation me&ods that umdomly create point mutations in the nucleic acid 
sequence. The point mutation techniques include, but are not limited to, "<snror-prame 
PQt^(Call^ KeandMadison, 
1997, Nuddc Acids Res. 25: 3371-3372), inspeaiefl oHgunid^ mutagenesis 

25 (Reidhaar-Olson et aL, 1991, MeflhodsEnzymoL 208:564-586), and any of the 
aforementioned methods of random- mutagenesis. 

Another method of creating diversity upon which directed evolution can act is the use 
of mutator genes. The nucleic acid of interest is cultured in a mutator cell strain the genome 
of which typically encodes defective DNA repair genes (U.S. Patent No. 6,365,410; 

30 Selifonova et aL, 2001, AppL Environ. Microbiol. 67:3645-3649; Long-McGie et aL, 2000, 
Biotech. Bioeng. 68:121-125; see, Genencor International Inc, Palo Alto CA). 
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Achieving diversity msmg directed evolution tedmqoes may also be smjinngpKstodl 
ming sataaiio^ 

Motagmesis™ f D^ MtMsflypeofsaio^ 

degenerate primers designed to cover the leogflh of the nsacleic acid sequence to be diversified 

5 are nsed to prime the pol]^ ]fo this m&snaer s each codcm of a codling 

seqaooce for an amino acid may b e miaMed to encode each of tine remaning common 
nmeteei amino adds. TMs tedmqmi© may ako be mod to mtmdtoce mmMioBSj, deletions ssnd 
insertions to specific regions of a emcMc acid coding mpmce while leaving the resit of She 
nucleic acid molerale ratoiactaL Itocerihrcs for the gme saim^on todmiqEe are well 

10 tonown in the art, and can be fowtd m U.S. Patent; 6,171,820. 

h T DMA fihTOfffinni^ 

Novel peptides mse&l in the mefinods of the imvmtion may also be gQnesated njsing the 
tedmiqMfis of gme-sfaaiffliqg^ motif -shmffling g esro^hiiffiFlwi^ and/or codon^HBffling 
(coHectivefyrefe^ DNA shuffling techniques are may be 

1 5 . employed to modulate the activities off peptides nseftel in the invention and may be used to 
gmesate peptides having altera! activity. See, generally, U.S. Pat Nos. 5,605,793; 
5,811,238; 5,830,721; 5,834,252; and 5,837,458, and Stemmer et aL (1994, Natae 
370(6488)389-391); Gmra et aL (1998, Nature 391 (6664)288-291); Huang et aL (1997, 
Fmz. Naffl. Acad. ScL USA 94(9):4504-4509); Stenmmer aL (1 934, Rroc NaSL Acsd. Sci 

20 USA 91(22):10747-10751), Paten et aL (1997, Crar. Opinion BiotechnoL 8:724-33); 
Hamyama, (1998, Trends MotechnoL 16(2):76-82); Hanssom, et aL, (1999, J. MoL BioL 
287265-76); amd Loraizo and Blasoo (1998, Biotedmq^ 24(2):308-13) (each of these 
patents as© hereby mcoB^rsted by insferac© in its (sn&eiy). 

DNA diEffiing mwd1v©s th© assembly of too or moie DNA segments by Homologous 

25 or site-spmfic recombination to gsDsaarite variation in tfflse polynucleotide sequusaca DNA 
drafflinghasbe^u^ 

proteins (Pe&ran et aL, 2002, J. VraL 76(6):2924-35), triazime hydrolases (Rafflod et aL 
2001, Chem Biol 8(9):891-898), murine leukemia vims (MLV) proteins (Powell et aL 2000, 
Nat Biotechnol 18(12): 1279-1282), and indolegjycerol phosphate synthase (M@z et aL 2000, 
30 Biochemistry 39(5):880-889). 
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The tecSnniquii© of DNA shuffling was developed to generate bicmolecukr diversity by 
inimicMng MstoaS ra^Ebinatitan by allowing m vi&o homology secomfcinatiojDi of DNA 
(Stormier, 1994, Nature 370: 389-391; wA Stemmte, 1994, PNAS 91: 10747-10751). 
Generally, in fthis metQhod a population of related genes is i&agmented and subjected to 
5 recursive cycles of denatoraiion, ^hybridization, followed by the extMsioini of the 5* 

ovecbaaigs by Taq polymerase. With each cycle, Hh© length of the fragments kcaneases, smd 
DNA recombination occurs when fragments originating from dsfifer^mt gssnes hybridize to 
eachother. The initial fragmentation of the DNA is usually accomplished by nuclease 
digestion, typically rasing DNase (see Stemrnler references, above), but may also be 

10 accoEHplished by intonated PGR synthesis (U.S. Patent 5,965,408, incorporated hsstim by 
refermce in its entirety; see, Divosa Corp., San Diego, CA). DMA shuffling mediods Brave 
advantages over random point mutation jneflfaods m that direct recombination of bmefficial 
mutations generated by each round of shuffling is achieved and th©© is therefore a self 
selection for improved phenotypes of peptides. 

15 The techniques of DNA slraffling are wellbaown to thoseinairt Detailed 

catenations of such technology is found in Stemmler, 1994, Nature 370: 389-391 and 
Steamier, 1994, PNAS 91: 10747-10751. The DNA shuffling technique is also described in 
U.S. Patents 6,180,406, 6,165,793, 6,132,970, 6,117,679, 6,096,548, 5,837,458, 5,834,252, 
5,830,721, 5,811,238, and 5,605,793 (all of which aseini^ 

20 iShOT^tiE^y). 

The art also provides even more recast modifications ofthe basic technique of DNA 
ahnffimg . In one e&annpk, esgon fluffing, esans or oombnnations of ggong that @acod@ 
specific dbmakis of peptides aare amplified imsing drihnnigniic ©MgOTEctotides. The amplified 
molecules are then E^ocmbmed by sdff-priming PGR assembly (Kofamn aM Steminate, 

25 2001, Nat Biotech. 19:423-428). M mote example, Mskg fihe tedmiqioiig of mudom 
chhneragmesis on transient templates (RACfflTT) library comstoucticam, single stranded 
parental DNA fragments are annealed onto a fol-lemgfii smgje-strandedtonc^late (Coco et ai, 
2001, Nat Biotechnol. 19:354-359). In yet another example, steggeared extension process 
(StBP), thermocycling with very abbreviated axmealing/exteasion cycles is employed to 

30 repeatedly interrupt DNA polymerization ftom flanl^ 1998,Nat 
BiotechnoL 16: 258-261). In the technique known as CLERY, m vitro femily shuffling is 
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combined wifh m vivo homologous mmibMoi in yeast (Abecassis e£ aL, 2QC0, Nucleic 
Acids Res. 28:B88; ). To maximize mtargedc raxmbimtion, single stamded DNA foom 
complementary strands of each of flue nncltic acids are digested with DNase and annealed 
(Kikuchi et aL, 2000, Gene 243:133-137). The blunt ends of two truncated nucleic adds of 
5 variable lengths that are linked by a cleavable sequence axe then ligated to generate gene 
fusion without homologous recombination (Siebesr et aL, 2001, Nat BiotechnoL 19:456-460; 
Dote et aL, 2001, Nucleic Adds Res. 29:E16; Ostemider et aL, 1999, Nat. BiotechnoL 
17:1205-1209; Lutz andBen&ovic, 2000, Curr. Opinu BiotechnoL 11319-324). 
Recombination between nucleic adds with little sequence homology in common has also 

10 been enhanced using esonuclease-mediated blunt-eadmg of DNA fiagments and ligatmg the 
fragments together to recombine fhem (U.S. Patent No. 6,361,974, incorporated headn by 
refearace k its entirety). Hie invention contemplates (he use of eadi and every variation 
described above as ameans of enhandngthe biological properties of any of the peptides 
and/or enzymes useful in the methods of the invention. 

15 In addition to published protocols detailing directed evolution and gene shuffling 

techniques, commercial services are now available that will undertake the gene shuffling and 
selection procedures on peptides of choice. Maxygen (Redwood City, CA) oflfas 
commercial services to generate custom DNA shuffled libraries. In addition, this company 
will perform customized directed evolution procedures including gene shuffling and selection 

20 onap^tidefeHnflyofchoice. 

Optigemx, inc. (Newark, BE) offezs the related service of plasmid shuffling. 
Qptigenk W5& fomiies of gs&es to obtain mutants Iteem havfeg w?w pmpez&es. The 
MEcldc acMof inteesft is domed into a plasmid in miAspergiMm e&piression systen. The 
DNA of She related femily is UtaD. introduced into tShe expression, system and ineoombiBation in 

25 conserved regions of the femify occurs in Hhe host Resulting mutant DNAs are then 
oqpzessed and the peptide produced therefoora aire screened for the presence of desired 
properties and the absence of undesired properties. 

n ScregniTn g procedures 
Following each recursive round of "evolution," the desired peptides expressed by 

30 mutated gsies are screened for characteristics of interest The "candidate" genes are then 
amplified and pooled for the nextround of DNA shuffling. Hie screening procedure used is 
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Mj^ydepeaiijdto 

Qhm^srMcs mzh m p^ptidb stsMity, biological sus&Mi^ srfgeeidty, amceg ottes cm be 
selected nasing proosdiores tihat aze well hnowm k flu© ssfi. IWividral assays ffiw fia© biological 
ac4M4y of pxefered peptides useful in (Sub md&ods of the mv^iSioa sro described elsewta© 
5 tensSioL 

<L ComMnatioins of tedhniflnnitBs 
It will be s^irecisted by flue skilled sur&ea finM the sfoov© t©dmqpes of mutation and 
sel©stioa cm b e cosmbiosd with each otter md wMht ^dMofrari pracesfanss to gsa^raie fin® b&t 
po^Me peptide molerale useful in flu© mtetbods of flu© inv^atioHL Tteas, flu© invesalion is mot 

1 0 limited to any oe© mes&od for Sue gm©ration of peptide wd should be cosnBterod to - 

©aimmpsssanya^ For ©xanspfep sproosdM© I5sr 

jbotoducing point mutations into a nucleic acid s©jpsnic® may b© p©rtfrana©d initially, toflowed 
by K©OTsive moMnds of DNA sjhoaiBEllmga, selection sand amplMcatioEL The initial imto^difficitioE 
of point mutations maybe used to introduce diversity into a gene population whmc it is 

15 'lacking, and &e following mound of DNA shuffling and screeamg will select and rccombine 
advantageous point mutations. 

ML CTvoosidtogeg md GSwoteesfe^s^ 
A. CTys®idagsg 

20 QlyBomdasss sm ^ymsykmmSsm^ HbsSt to© wste sis m acceptor molecule* m& m 

such, typicaly ^y^sidiS^kydKolytic eauzymes. GlyDtmdasescmllrau^ 
of gSyoosidic bonds m viim by coMiroffiinig flue AesmodyBssinfa or Emetics of to issactaoia 
mDiistaM©„ E^^^HEod^ 

diffimM to^tnA wMhL, abmA gflyran^dWsg toMfl to girwa l®m gymritihi^fc yndlda as&gggutt office 

25 leviable tmiisglycosjdase reaction and flue oomip^&ig BnydkoSydic ireadtioDL 

A glycosides© cm function by x&tommg flue staendjiemisi^ at flue bond being bmkm 
during hydrolysis or by inverting the stereooh^sristoy at th© board being brolken during 
hydrolysis, classifying ^veding" 
glycosidase, respectively. Retaining gfycosidases have two critical casboxyKc add moieties 

30 piesesit in &e active site, with one csibosylate sctmg as am 
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a nucleopMle, wtereas wiHSn Ae iwertkg glycosidases, cm© cfriraxyMc sod fesicdoBs as aa 
add rad the ©liter ftactioias as abas©. 

Methods to temine {he activity and linkage specificity of my glycosidsse air© well 
known in flue art, including a simplified HPLC protocol (lacob and Scudder, 1994, Methods 
5 in EnzymoL 230: 280-3C0). A general discussion of glycosidases and $ycosidas© teeatas^ 
is found in Glycobiology> A Practical Approach, (1993, Wanda and Kobata ed&, Oxford 
UMversity Press Inc., New Ycs&). 

Glycosicbses niseM in the inveotiosi include, bisfc are not fixniied to s sialydase, galacfosidase, 
endoghicanase, mannosidase (Le., a and P, ManI, Manll and MmWJ ^osidase,1&E©osidase, 

10 Agmbadtemsm sp. p-gfocosidase, Gslhslomomss fimi mamosida&e 2A, Hrnmcol® imdem 
glycosidase, Sulfolobm solfa&sricm glycosides© and Badfilm lickmiformis gttyoosadase. 

The choice of ffiaoosidases for rase in the invention depends ©m tine linkage of flue 
ftocose to other molecules. The specificities of many a-focosidlases uasefM in the mefinods of 
the invention are well known to those in the art, and many varieties of fucosidase aire also 

15 commercially available (Glyko, Novato, CA; PROzyme, San Leandro, CA; Calbiochem- 
Novabiocheni Corp., San Diego, CA; among others). a-Fucosidases of interest include, bust 
are' not limited to, wfucoskfans from Tm*bo conm$ms s Gmsramm lamp@s 9 Bac&Om Jkbnmmas, 
AspergiBm mg&* 9 CfosMdmm pestfrmgem, Bovine Mdney (Gtyko), ductal liver (Tyagasragan 
et aL, 1996, GlycoMology 6:83-93) and ©rffteosidase n $m&Xm$homo?ms tmmhotw (Glyfco, 

20 PROzyme). CMdken livesr ffecosidase is particailarfy useffid for irCTEOva! of core ftocose ifoom 
N-linkedglycans. 

(HyoosytSrans&os^ osteite flue addition of activated sEgsfrs (donor MJP-SBgars), in 
25 a step-wise feshion, to a protein, giycopeptide, Hpid or glycolipid oir to flu© non-^edEdng <snd 
of a growing ©Mgosacdhmde. N-Msiked glycopeptides sure synthesized via a tamsfease ssad a 
lipid-linked oligosaccharide donor Bol-PP-NAGaQcsManp in an en block taisfet followed 
by trimming of flue core. In this case the nature of the "core" saccharide is some^iat 
differs! fiom subsequent attachments. Aveiylfflrgenumteof glycosyltransfaases are 
30 known in the art 
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BNA constat V<^ra araiiiis^ d&er to amplify BNA encoding &© ^ycosj^tanisfeasss 

seh3/« to express BNA wMch esicodtes the ^ycosyillmiisiEfesis^ mzyms. Am 
expression vector is a rspMc&bie DNA coastradt in which a DNA sequence ©Dicodkg the 
gjycosylteaasfeases enzyme is operaMy Mated to suitable conteol sejpmoes capable of 
5 eifectkgflie egression of the gl^ TTheneedifor 
such confeol seqnaaces will vwy dreading napon 13b© tost selected wd &© tainsfcmsi&oia 
mefeod chossa. G^ierally 9 control sequ&ices iEctodb a traxisczriptional promoter, sn opfioral 
operator sequence to control tsmscriptioa, a ssqiraice encoding suitable snRNA ribosomal 
binding sites, and sequences which control die toraiination of transcription aM translation. 
HO Amplification vectors do not irsqiAe (expression confrol domains. Affl that 5s needed is fc 
ability to replicate in a host nsually confeared by an origin of replication, and a selection 
gene to facilitate Recognition of teamsfiOTasaaiifis. 
1. Fuoosvifaansfaasss 
In some embodixnenSs, a glycosyltraasferase used in flue method of tike invention is a 
15 'fucosyteasnsfemse. FiK^syitransfeases are fanown to finose of skill in the art Exemplary 
fiicosytoansfaases include enzymes, which transfer L-focose ftom GDP-ftacose to a hydroxy 
position of m acceptor sugar. Ricosyitoasfeas^ transfer from am-undeotide sEigso to 
^acceptor are also of mem 

20 Cfeip(1^3,4)GlcNADp- grasp in ssa o]%osacdtaide glycoside. Suitable iftocc^tsMsfaa®^ 
fir Ms reaction 'include flue Gaip(lH>3,4)GkiN^ (FTM BXL 

No. 2.4. 1 .65), which was fesfc chm^i^^ ten human milk (see, Paldc, eft aL, 
Cajfeohydrate Res. 190: 1-11 (1989); Medls, ot aL» I. BioL Oksb. 256: 10456-10453 (1981); 
amd Nraness, et aL, Can. J. CtaL 59: 2086-2095 (1981)) and the Gaip(l^)GfcNA^ 

25 <Efiwx>syi^^ FTVH(E.CNo. 
2.4.1.65), a sialyl <m(2^3)Gaip((lH>3)GlcMAcp fiscos^transferase, has also been 
characterize! A recombinant fbma of the Gaip(l-»3,4) GlcNAc^- 
a(l-5>3,4)iEucosyltransferase has also besn characterized (see, Dumas, et aL, Bioorg. Med. 
Letters 1: 425-428 (1991) and Kiakowska-Laiallo, et aL, Genes and Development 4: 1288- 

30 1303 (1990)). Other exemplary fkosyteansferases include, for example, al,2 
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fucosyitransferase (B.C. No. 2.4.1.69). Enzymatic fucosyiation can be earned out by the 
methods described in Mollicone, et aL, Bar. J. Biochem. 191: 169-176 (1990) or U.S. Patent 
No. 5,374,655. 

5 2. Galactosvltransferases 

In another group of embodiments, the glyco syltransferase is a galactosyltransferase. 
Exemplary galactosyltransferases include a(l,3) galactosyltransferases (B.C. No. 2.4.1 .151, 
see, e.g, Dabkowski et aL, Transplant Proc. 255921 (1993) and Yamamoto et at Nature 345: 
229-233 (1990), bovine (GenBank j04989, Joriasse et aL, J. BioL Chem. 264: 14290-14297 

10 (1989)L murine (GenBank m26925; Larsen et aL, Proc. Nat'L Acad. ScL USA 86: 8227-8231 
(1989)), porcine (GenBank L36152; Strahan et aL, hmnunogenetics 41: 101-105 (1995)). 
Another suitable al3 galactosyltransferase is that which is involved in synthesis of the blood 
group B antigen (EC 2,4.137, Yamamoto et aL, J. BioL Chem. 265: 1146-1151 (1990) 
(human)). 

15 Also suitable for use in the methods of the invention are P(l ,4) galactosyltransferases, 

which include, for example, EC 2.4.1.90 (LacNAc synthetase) and EC 2.4.1.22 (lactose 
synthetase) (bovine (D'Agostaro et aL, Eur. J. Biochem. 183: 21 1-217 (1989)), human (Masri 
et aL, Biochem. Biophys. Res. Commun. 157: 657-663 (1988)), murine (Nakazawa et aL, J. 
Biochem. 104: 165-168 (1988)), as well as EC. 2.4.1.38 and the ceramide 

20 galactosyltransferase (EC 2.4.1.45, Stahl et aL, J. Neurosci. Res. 38: 234-242 (1994)). Other 
suitable galactosyltransferases include, for example, a.1,2 galactosyltransferases (from e.g., 
ScMzosaccharomyces pombe, Chapell et aL, MoL BioL Cell 5: 519-528 (1994)). For further 
suitable galactosyltransferases, see Taniguchi et aL (2002, Handbook of Glycosyitransferases 
and Related Genes, Springer, Tokyo), Guo et aL (2001, Giycobiology, 1 1(10):813-820), and 

25 Breton et aL (1998, J Biochem. 123:1000-1009). 

The production of proteins such as the enzyme GalNAc Tuov from cloned genes by 
genetic engineering is well known. See, e.g., U.S. Pat No. 4,761,371 . One method involves 
collection of sufficient samples, then the amino acid sequence of the enzyme is determined 
byN-terminal sequencing. This information is then used to isolate a cDNA clone encoding a 

30 full-length (membrane bound) transferase which upon expression in the insect cell line Sf9 
resulted in foe synthesis of a fully active enzyme. The acceptor specificity of foe enzyme is 



-259- 



WO 03/031464 PCT/US02/32263 



then determined using a semiquantitative analysis of the amino acids surrounding known 
glycosylation sites in 16 different proteins followed by in vitro glycosyiation studies of 
synthetic peptides. This work has demonstrated mat certain amino acid residues are 
overrepresented in glycosylated peptide segments and mat residues in specific positions 
5 surrounding glycosylated serine and threonine residues may have a more marked influence on 
acceptor efficiency man other amino add moieties. 
3. SiaMtamsferases 
Sialyltransferases are another type of glycosyltransferase mat is useful in me 
recombinant cells and reaction mixtures of the invention. Examples of sialyltransferases that 
10 are suitable for use in the present invention include ST3Gal ffl (e.g., a rat or human ST3Gal 
ID), ST3Gal IV, ST3Gal I, ST6Gal L ST3Gal V, ST6Gal H, ST6GaJNAc I, ST6GaINAc U, 
and ST6GaINAc M (the sMyltransferase nomenclature used herein is as described in Tsuji et 
al, Glycobiology 6: v-oriv (1996)). An exemplary ot(2,3)sialyltransferase referred to as 
o(2^)sialyltransferase (EC 2.4.99.6) transfers sialic acid to the non-reducing terminal Gal of 
15 aGaipi^3GlcdisaccliarideorgJyccdde. See, Van den Eijnden et ah, J. BioL Chem. 256: 
3159 (1981), Weinstein et ah, J. BioL Chem. 257: 13845 (1982) and Wen et at, J. Biol. 
Chem. 267: 2101 1 (1992). Another exemplary ct2,3-sialyltransferase (EC 2.4.99.4) transfers 
sialic acid to uie non-reducing terminal Gal of the disaccharide or glycoside, see, Rearick et 
aL, J. BioL Chem. 254: 4444 (1979) and Gillespie et al., J. BioL Chem. 267: 21004 (1992). 
20 Further exemplary enzymes include Gal-£J-l,4-GlcNAc a-2,6 sialyitransferase (See, 
Kurosawa et aL Eur. J. Biochem. 219: 375-381 (1994)). 

Preferably, for glycosylation of carbohydrates of glycopeptides the sialyitransferase 
will be able to transfer sialic acid to the sequence Gaipi,4GlcNAc-, Galpl^GlcNAc-, or 
GaipUGalNAc-, the most common penultimate sequences underlying the terminal sialic 
25 acid on fully sialylated carbohydrate structures {see, Table 7). 2,8-Sialyltransferases capable 
of transfering siahc acid to o23Galpl,4GlcNAc are' also useful in me methods of the 
invention. 
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Table 7, SialvHransferases which use the GalftL4GlcNAc sequence as 
an acceptor substrate 



Slaljitransfera 


te Source 


Sequences) formed 


Ret 


ST6GalI 


Mil mmftli^n 


NeuAca2,6Galpl,4GlcNAc- 


1 


ST3GalIII 




NeuAca23Gaipi,4GlcNAc- 
NeuAca2^GaipUGlcNAc- 


1 


ST3GalIV 


Mflninifl1ifli| 


NeuAco2^Gaipi,4GlcNAc- 
NeuAca23GaipUGkNAc- 


1 


ST6GalH 




NeuAca2,6Gaipi,4GlcNAc- 




ST6Gain 


Photobacterium 


NeuAco2,6Gaip 1 ,4GlcNAc- 


2 


ST3GalV 


N. meningitides 
N. gonorrhoeae 


NeuAco2,3Gaip 1 ,4GlcNAc- 


3 



1) Goochee et aL, Bio/Technology 9: 1347-1355 (1991) 



2) Yamamoto et aL, J. Biochern. 120: 104-1 10 (1996) 
5 3) GiftertetaL, J. BioL Chem. 271: 28271-28276 (1996) 

An example of a sialyttransferase that is useful in the claimed methods is ST3 Gal HL, 
which is also referred to as o(23)sialyitransferase (EC 2.4.99.6). This enzyme catalyzes the 
transfer of sialic acid to the Gal of a Gaipi^GlcNAc or Gaipi,4GlcNAc glycoside (see, e.g., 

10 Wen et aL, J. BioL Chem. 267: 2101 1 (1992); Van den Eijnden et aL, J. BioL Chem. 256: 
3159 (1991)) and is responsible fin: sialylation of asparagme-linked oligosaccharides in 
glycopeptides. The sialic acid is linked to a Gal with the formation of an a-linkage between 
the two saccharides Bonding (linkage) between the saccharides is between the 2-posrrion of 
NeuAc and the 3-position of Gal This particular enzyme can be isolated from rat liver 

15 (Wemstein etaL, J. BioL Chem. 257: 13845 (1982)); the human cDNA (Sasaki et aL (1993) 
J. BioL Chem. 268: 22782-22787; Kitagawa & Paulson (1994) J. BioL Chem 269: 1394- 
1401) and genomic (Kitagawa et aL (1996) J. BioL Chem. 271: 931-938) DNA sequences are 
known, facilitating production of this enzyme by recombinant expression. In a preferred 
embodiment, the claimed sialylation methods use a rat ST3Gal HL 
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O^er exemplary sialyltransf em . 
isolated fi^Gmq^ See, e.g, WO99/49051. 

Other sialyltransferases, including ifiiose listed in Table 7, are also useful in an 
economic and efficient large-scale process for sialylation of commercially important 

5 glycopeptides. As a simple test to find out the uitility of these other enzymes, various 
amounts of each enzyme (1-100 mU/mg protein) are reacted with asialo-ai AGP (at 1-10 
mg/ml) to compare the ability of the sMyteaasferase of interest to sialyiate .glycopeptides 
relative to either bovine ST6Gal I, ST3Gal M or both dalyltransferases. Alternatively, other 
glycopeptides or glycopeptides, or N-linked oligosaccharides enzymatically released from the 

10 peptide backbone can be used in place of asialo-<&i AGP for this evaluation. 

SM^transferases with the ability to sialylate N-linked oKgpsaccharides of glycopeptides 
more efficiently than ST6Gal I are useful in a practical large-scale process for peptide 
sialylation (as illustrated for ST3Gal M in this disclosure). 
4. Other glvcosvltransferases 

IS One of sMll in the art will understand that other glycosyitransferases can be 

substituted into similar transferase cycles as have been described in detail for the 
sialyltransfesase. In particular, the giycos^ 

glucosyitransfbrases, e.g., Alg8 (Stagljov et aL, Proc. NatL Acad. ScL USA 91:5977 (1994)) 
or Alg5 (Heesen et aL, Eur. J. Biodbemu 224: 71 (1 994)). 

20 N-acetyigalactosanimy^^ 

Suitable N-acetylgalactosammyltransferases include, but are mot limited to, o(l,3) ^ 
acetyig?dactosam^ fKM) N-acetylgsIacto^ (Nagata et aL, J. 

BioL Chem. 267: 12082-12089 (1992) md Sinaith et aL, J. Biol Chesm. 269: 15162 (1994)) 
and peptide N-acetylg$lacftosan^ (Homa eft aL, J. BioL Chem. -268: 12609 

25 (1993)). Srit^leN-acetylglucosammyta include Gall (2.4.1.101, Hull et aL, 

BBRC 176: 608 (1991)), GnTH, GnTDI (Shsm et aL, J. Biochem. 113: 692 (1993)), GnTTV, 
GnTV (Shoieibah et aL, J. BioL Chem. 268: 15381 (1993)) and GriTVX, O-linked N- 
acetylglucosaminyltransferase (Bierimizen et aL, Proc. Natl. Acad. ScL USA 89: 9326 
(1992)), N-acetylgJucosamine-l-phosphate transferase (Rajput et aL, Biochem J. 285: 985 

30 (1992), and hyaluronan synthase. 
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Mmmosyltmis&sr&ses are of use to transfer modified masmose moieties. Suitable 
mannosyltramferaises kctode ©0,2) mE^osytaansferase, <e(13) mannosyltaansfease, <b(1,6) 
mannosyltransferase, P(l,4) zmanosyitmnsferase, Bol-P-Man synthase, OChl, and Pmtl 
(see, Komfeld et al, Annu. Rev. Biochem. 54: 631-664 (1985)). 
5 Xylosyltransferases are also useful k the present invention. See, for example, 

Rodgess, dt aL, BiochemL J., 288:817-822 (1992); and Elbain, et aL, U.S. Patent No., 
6,168,937. 

Other suitable glycosyltransferase cycles are described in IcMkawa et aL, JACS 1 14: 
9283 (1992), Wong et aL, J. Org. Chan. 57: 4343 (1992), and Ichikawa et al. in 

10 Carbohydraies and Carbohydrate Polymers. Yaltami, ed. (ATL Press, 1993). 

Ptokaryotic glycosyitransferases axe also use&l in practicing the invention- Suck 
glycosyltransferases include enzymes involved in synthesis of HpooligosaccSiarides (LOS), 
which are produced by many gram negative bacteria. TheLOS^icallylmvetenamal 
glycm sequences that mimic glycocbnjugates found on tfhe surface of human epithelial cells 

15 or in host secretions (Preston et aL, Critical Reviews in Microbiology 23(3): 139-180 (1996)). 
Such enzymes include, but are not limited to, the proteins of the rfa operants of species such 
as E coli and Salmonella typhimurmm? which include a 01,6 galactosyltransferase and a £1,3 
galactosytoansfease {see, e.g. 9 EMBL Accession Nos. M80599 and M86935 (K coli); 
EMBL Accession No. S56361 (S. ^hssmmmi)\ a gtacosyStramsfaas© (Swiss-Prot 

20 Accession No. P25740 (R coM) 9 asu pi^-ghK^sj^lbransferase (i^xJXSwiss-Prot Accession No. 
P27129 (E coli) and Swiss-Pcot Accession No. P19817 (£ typkimwimi)), and an pi^-N- 
ace^^ucosammytonsforase {vfa&$^ Oiher 
glycosj^tamfeses for which amino acid sequences are known include those that are 
encoded by opeinmnissu^ 

25 Klebsiella prteumomae, E. coli, Salmonella ^himurmm, Salmonella enterica. Yersinia 
enteromlUica, Mycobacterwm leprosum, and the rhl opeson of Fseudomoms aeruginosa. 

Also suitable for use in the present invention are glycosyitransfeases that are 
involved in producing structures containing lacto-N-neotetraose, B-galactosyl-fJ- 1 ,4-N- 
acetyl-B-g|iMa>saminyi-{M,3-^ and the P* blood group 

30 trisaccharide sequence, B-galactosyl-a-1 9 4-D-galactosyl-^-l,4-D-glucose, which have been 
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identified m the LOS of the uniucosal pathogras Neisseria gowwrfooeae and M meningitidis 
(Sdholtea et al., L Mel Microbiol 41: -236-243 (1994)). The genes ffiumJV. mentegmsmA 
K gonorrhoeae that encode the glywsylteansferases involved in the biosynthesis of these 
structures have been identified ftosn J£ meningitidis inxtnunotypes L3 and LI Jennings et aL, 
5 MoL Microbiol. 18: 729-740 (1995)) and the M gonorrhoeae mutant F62 (Gotsblicfa, J. Bsp. 
Med. 180: 2181-2190 (1994)). MM meningitidis, a locu oaDastiqg of three genes, IgtA, 
Igffl and Ig E 9 encodes flue gjycosytoosfease enzymes required for addition of the last toes 
of the sugars in the lacto-W-neotetraose chain (Wakarchuk et aL, J. Biol Cham. 271: 19166- 
73(1996)). Recently the enz^flnMiite 

10 demonstrated, providing the first direct evidence for their proposed glycosj^ltansferase 

function (Wakarehuk et aL, J. Biol Chem. 271(45): 28271-276 (1996)). MM gonorrhoeae, 
there are two additional geaaes, IgtD which adds p -D-GalNAc to the 3 position of the taainal 
galactose of the lacto^-neotdraose structure and IgtC which adds a teiominal (a-IMM to the 
lactose element of a truncated LOS, thus creating the P* blood group antigen structure 

15 (Gotshlich (1994), supra.}. In N. meningitidis, a separate hnmnmotype LI also expresses the 
blood group antigen and has been shown to carry an IgtC gene (Jennings et al 9 (1995), 
supra.). Neisseria gtycosjdtmmsferas^ said associated geamss are also described m BSFN 
5,545,553 (OotechBch). Genes for al^fucosjtonsfease and al^-fto^ttansfaffi^ &mn 
Hdicobacter pylori has also hem dmm^mzM (Martin et aL, J. BioL Qkshhl 272: 2 1 349- 

20 21356(1997)). Also of to© in Hhe pnssent kvmtaon are the glycosyltansfess^ of 

Campylobacter jejvm {see, TamgucM et aL, 2002, Handbook of gjycosjdtransfoases and 
related ©sues, Sponger, Tokyo). 
B. Sullfotransjferases 
. The invention ato 

25 molecules, including > foi ejiample sulfeied polysaodiarides such as heparin, heparan suli&te, 
carragcaCT, and related ccmpoiimds. Suitable sulfotrsosferases include, for sample, 
chondroitin-6-su^hotransferase (cMsfcen cBNA described by Fukuta et al., J. BioL Chem. 
270: 18575-18580 (1995); GenBank Accession No. D49915), glycosaminoglycanN- 
acetylgtacosanrine N^eacetylase^-sulp^^ 1 (Dixon et al., Genomics 26: 239-241 

30 (1995); UL18918), and glycosaminoglycan N-acetylghicosamine N-deacetylase/N- 

sulphotranslferase 2 (murine cDNA described in Qrellana et aL, J. BioL Chem. 269: 2270- 
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2276 (1994) wd Eriksson et aL, J. BioL QsmL 269: 10438-10443 (1994); hssmm dDNA 
d^CTib©dl k G^oBmk Accession* Ho . U2304). 
C. Cefl-BoimdGlvTOS^ 

la another embodiment, the enzyme utilized m the method of the invention are cell- 
5 bound glycosyltransferases. Although many soluble glycosyltraisferases are Imown (ses*, fbir 
example, U.S. Pat No. 5,032*519), glyeosyitansfeas^ age generally in membrane-tonnd 
form wfai associated with cells. Msny off &s m©mltoan©4^und enzymes stodied thus fear are 
considered to be intrinsic prattiins; Shaft is, they axe not released fem fee snemforsnss by 
sonicafion and require deterggsalls for soWbilmitioBL Swface giycosyitransfaases have b©sn 
10 identified on the surfaces of v@fehrate mdl inv<ertebra£© cells, and it has also been recognized 
that these surface transferases Trniguntain catalytic activity under physiolo gical conditions. 
However, the mora irecognizedite 

recognition (Roth, 1990, Molecular Approadtes to SupraceEular Fteaomesjia,). 

Methods have been developed to alter the glycosyhransfeases expressed by cells. 

15 For example, Laisen et aL, Proa NatL Acad ScL USA 86: 8227-8231 (1989), report a 

genetic approach to isolate cloned cDNA sequences that determine expression of cell surface 
oKgpsacdiaridcstracto^aMthiOT cognate ^ycosytensfemes. AcDNAIibOTygeaiea^ted 
fiosn mRNA isolated te a marine cdl line Iknowm to express WXP-gslkGAattJfrA^ 
g$lactosy!-l,4-N^ ra-l,3-g8>3Iactosyl^^ was tansffected into 

20 OOS-lcdb. Tlhefr^isfet^ 
galadcsytaamf®^ 

Francisco et aL, Ptoc. Nail Acad. ScL USA 89: 2713-2717 (1992), disclose a linefeed 
of aaAoring [^lactamase to flhe external smfece ofEsdkerichm colL A tripartite fusion 
consisting of (S) a signal seqBsac© of sin oiat^EasnDiibOT protean, (li) amonnibrane-^anning 
25 section of an outer membrane protein, and (Hi) a complete mature JJ-lacSamase seqasnic© is 
produced resulting in an active surface bound ft-1 actam ase molecule. However, the Francisco 
method is limited only to prokasyotic cell systems and as recognized by the authors, requires 
the complete tripartite fusion for proper firactioni^ 
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Itt other exesnptay embodiments, fine methods of the invention utilize iliasion peptides 
that have more than one enzymatic activity that is involved in synthesis of a desired 
glycopeptide conjugate. The fusion peptides can be composed o £ for example, a catalyticaUy 

5 active domain of a glycosyitransferase that is joined to a catalyticaUy active domain of an 
accessory enzyme. The accessory enzyme catalytic domain can, for example, catalyze & step 
in the formation of a nucleotide sugar that is a donor for the glycosyitransferase, or catalyze a 
reaction involved in a glycosyltransferase cycle. For example, & polynucleotide that encodes 
a glycosyitransferase can be joined, in-frame, to a polynucleotide that encodes an enzyme 

10 involved in nucleotide sugar synthesis. The resulting fusion peptide can then catalyze not 
only the synthesis of the nucleotide sugar, but also the transfer of the sugar moiety to the 
acceptor molecule. The fusion peptide can be two or more cycle enzymes linked into one 
expressible nucleotide sequence. In other embodiments the fusion ppeptide includes the 
catalyticaUy active domains of two or more glycosyltransferases. See, for example, U.S. 

15 Patent No. 5,641,668. The modified glycopeptides of the present invention-can be readily 
designed and manufactured utilizing various suitable fusion peptides (see, for example, PCT 
Patent Application PCT/CA98/01 180, which was published as WO 99/31224 on June 24, 
1999.) 

B fafflffigbffizgd^jzama 

20 In addition to ceQ-bound enzymes, fine present invention also provides for the use of 

enzymes that are immobilized on a soEd and/or soluble support In an exemplary 
embodiment, flheare is provided a glycosyitansfemse that is conjugated to a PEG via an intact 
glycosyi Hiata acccsrc&iig to flue meftcdls of the invention. Hie PEG-li&er-^azyme conjugate 
is optionally attached to solid suppost The us© of solid supported ©oizymes in the methods of 

25 the invention simplifies the work up of the reaction mixture and purification of the reaction 
product, and also easfcles t&e fedl© rax>wy of fine eazynie. The glycosyitrsnsfaase 
conjugate is utilized in the methods of the invention. Other combinations of enzymes and 
supports will be apparent to those of skill in the art 
P. Mutagenesis of Glycosyltransferases 

30 Hie novel forms of the glycosyltransferases, sialyltransferases, sulfotrans&rases, and 

any other enzymes used in the method of the invention can be created using any of the 



-266- 



WO IPCT/IU§fl)2/32263 



• methods described previously, as well as othess well known to those ie the aa± Ofpasriiciuite 
intent are tmnsfes-ases with altered acceptor specfficity and/os: donor spetiikiity. Alsoof 
interest ase enzymes with higher conversion urates mid higher stability among ottos . 

The tectoiques of irstional design mutagenesis cm be used when the sequence of the 
5 peptide is known. Since the sequences as well as many of the tertiary structures of the 
transferases and gjtucosidases used in the invention are known, these enzymes are ideal for 
rational design of mutants. For example, the catalytic site of the aizyrne can be mutated to 
alter flie donor and/or acceptor sperifidty of the enzyme. 
The esdmsive tertiary structi^ 

10 hydrolases also mate these ©izyme idea ifar mutations involving domain exchanges. 
Oycosyltzansferases and glycosidase hydrolases are modular enzymes (see, Bourne and 
Henrissat, 2001, Current Opinion in Structural Biology 1 1:593-600). Glycosjtoansfess^ 
are divided into two families bases on thek stoctae: GT-A Mid GT-B. The 
glycosyitransferases of the GT-A jfamily comprise two dissimilar domains, one involved in 

15 nucleotide binding and the other in acceptor binding. Thus, one could conveniently fiise the 
DHA sequence encoding the domain from one gene in frame with a domain fiom a second 
gone to orate a new gone tot (Encodes a protein with a nsw accqptox/doHra: specificity. Such 
exchanges of domains could additionally include the caabohydrat© modules and othsr 
accessory dororos. 

20 The teAniqn^ of random mutation andl/oir directed ewtotion, as described above, 

may also be used to create novel toons of flue glycosyitansferases and glycosidases used in 
the invention. 

W. M vim* and m wro <smressiioB mretam 

25 A. Cells for fee limAdfion of riwomrtides 

The action of gflycosyltransferases is key to ft© glycosylates of peptides, thus, the 
diffeeace in the expression of a set of glycosyltransferases in any given cell type affects the 
patten of glycosylation on any given peptide produced m that cell For a review of host cell 
dependent glycosylation of peptides, see Kabata and TakasaM, "Structure and Biosynthesis of 

30 Cell Surfece Caibohydraies," in Cell Surfece Carbohydrates and Cell Development, 1991, pp. 
1-24, Eds. Minora Rskuda, CRC Press, Boca Raton, EL 
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Accoidimg to the priest disclosure, the type of eel in which the peptide is produced 
is relevant only with respect to the degir©e of mncdeling required to genemte a peptide 
having desired glycosyMoa. For example, fiiie nomiber wd sequence of enzymatic digestion 
reactions and the number and sequence of enzymatic synthetic reactions iSmt are required ug 
5 v&ro to generate a peptide having desired glycosylation will vary dep ending on the staictare 
oftheglycanonthepeptidbpiod^^ While the invention should in 

no way he constated to be limited to flu© production of peptides fmm any one partiadkr eel 
type including any cell type disclosed herein, a discussion of several cell systems is now 
presented which establishes the power of the present invention and its ^dependence of fee 

10 eel type in which the peptides are generated. 

Jh general, and to express a peptide from a nucleic acid encoding it, the nucleic add 
must be incorporated into an expression cassette* comprising a promote elements a 
traminator element, and the coding sequence of the peptide opesably linked between the two. 
Hie expression cassette is then operably linked into a vector. Towazd this end, adapters or 

IS • linkers may be employed to join the nucleotide fragments or other manipulations may be 
involved to provide for convenient restriction sites, removal of superfluous nucleotides, 
removal of restriction sites, or the Eke. For this propose, m w&ro miBitageaiesis, pimter irepair, 
restriction, annealing, resubstitutio^ e.g., transitions and teansvetsiGns, may be involved. A 
shuttle vector has the gtsmstic elMnrafis necessary for irqpMcatioia in a cdL Some vectors may 

20 b© repEcated only in pretayotes, or may be replicated in both prefaryotes and eukaryotes. 
Such a plasmid egression vector wil be maintained in one or more rqpBcation systems, 
preferably two plications system, that alow for stable maintenance within a yeast host eel 
fc expression pmposs^a^ Many vectors 

with dirmE© dmacteistks are now available comneroMly. Vectors are Bsua%plasMid!s or 

25 Aamtatwabobecoflm^ Convaienflv. many cosnxnsreiallly 

available vectors wil have the promote and teromatar of the expression cassette already 
preset, and a multi-linker site where the coding sequence for the peptide of inteest can be 
inserted. Theshuttie vector containing the expression cassette 

where it is replicated during cell division to generate a preparation of vector that is sufficient 
30 to transform the host cells of the chosen expression system. The above methodology is well 
know to those in the art, and protocols by which to accomplish can be found Sambrook et aL 
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Yorik). 

The vector, once purified &om the cells in which ft is amplified, is then tamfosmed 
into the cells of the expression system. TTlie protocol for transformati 
5 ofthe cell and the nature of the vector. Ttensfbrgnants age grown in an appropriate m^CTt 
medium^ said, wfo^e appropriate, maintained tmiter selective pressure to insure reteatiom of 
endogenous ONA. Whe^e expression is inducMe, giro wA cm he peonitttod of the yeast host 
toyieldaMgfcdemityof cells, aMtSta The secreted, matoe 

heterologous peptide can be harvested by any conventional means, and purified by 
10 chromatography, electrophoresis, dialysis, solver-solvent extraction, and the Mike. 

Tlie technique of molecular cloning areweH-taown in tiiie art. Further, techniques 
for the procedures of molecular cloning can be found in Samhrook et aL (2001, Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Etas, Cold Spring Haste, 
N.Y.); Glover eft aL, (1985, DNA Ooning: A Practical Approach, Volumes I and II); Gait et 
15 aL, (1985, Oligonucleotide Synthesis); Hames and ffiggms (1985, Nucleic Acid 

Hybridization ); Hames and Biggins (1984, Transcription And Translation); Freshney et aL, 
(1986, Animal Cell Culture); Porbal, (1986, JmwMiheA Cells And Boasymes, ML Press); 
PeabaJ,(1984, A Practical Guide To Molecular Qoning); Ausubel ei aL (2002, Cwmfc 
Protocols in Molecular Biology, John Wiley & Scan®, Ike). 

20 1RL TRmffi mid yasisft 

Peptides produced in yeast ase glycosylated and the glycsa stractaes pnesrat temn 
are primarily high msmiiose starts^ M the case of N-glycras, the glycan stactoss 
produced iky^^ 

not coxstaM additional struts addted tfinsnato. Am ©ssEsspl© of the type of gUycsn on peptides 
25 produced by yeast cells is ^iiowninFiguire5,ldSsida Irrespective of the number of 

mannose residues and the type and conspksrity of additional sugars added thereto, N-glycans 
as components of peptides produced in yeast Cells comprise a trimannosyl core structure as 
shown in Figure 5. Whea the glycai stoictoe on apqjtid©proAiic©dby a yeast eel is & high 
mannose structure, it is a simple matte: for the ordinary skilled artisan to remove, m vitro 
3 0 using available mannosidase enzymes, all of the mannose residues from the molecule except 
for those that comprise the trimannosyl core of the glycan, ttaeby generating a peptide 
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taving an etanental trimannosyi core structure attached tSSn&eto. No w 5 wng the tectanqros 
amiable in flhe art and aimed wMn the present disclosure, it is a simple mate to 
eozymaticaly add, w v&ro, additional sugar moieties to the elemental trimaxmosyl core 
structure to gmerate a peptide havix^ Similarly, 
5 when the peptide produced by the yeast cell comprises a high mannose structure in addition 
to other complex sugars attached thereto, it is a simple nmto to eozysnati cally cleave off al 
of the additional sugars, including extra mannose residues, to am ve at fine elemental 
trinnannosyl cox® structure. Once the elemental trimamosyl core stmctture is produces!, 
generation of a peptide having desired glycosylate! is possible following the directions 

10 provided herein. 

By "yeast" is intended ascosporogenous yeasts (Endomycetales), basicffiosporogenous 
yeasts, and yeast belonging to. flue Fungi Xmperfecti (Blastomyces). The ascosporogenons 
yeasts are divided into two fenffie^ The later 

is comprised of four subfamilies, Schizosaccharomycoideae (e.g., gams 

15 Schizosaceharornyces), Nadsonioideae, Lipomycoideae, and Saccharomycoideae (e.g., genera 
Pichia, Kluyveromyces, and Saccharontyces). The basidiospoiogenous yeasts include the 
SmemLesscosporidmm, Mhodosporidmm, Sporidiobohss, Filobasidium* m&FilobasidieMa. 
Yeast belonging to the Fungi taperfecti are divided into two families, Sporobolowsycetaceae 
(e.g., grassy Spombolamycss, BmHem) and Qryptococcaceae (©.g., gOTis Cm&duh}. Of 

20 particular intasst to the present Mvesition are sipecaes within ih© jssnisjrai S&cckaroffivcss* 
Pichia, Aspergillus, Trichoderma, JHuyveromyces, especially i£ tactis ssn&K drosopkslim, 
Candida, Hasmemda, ScMzpsaccawmyces, Yarrowia, and ChsrysoporimL Sine© the 
dassificafom of yeast may change in the future, for fee purposes of this invention, yeast shal 
b© defined as described in SMnnereta]L,©rils. 1980) Biology and Activities of Yeast (Sec. 

25 App. BacterioL Synap. Smes No. 9). 

la addition to the foaregoing, those of ordinary sMll in the art are presumably femiliar 
with the biology of yeast and themanipulaticn of yeast genetics. See* for example, Bacila et 
aL, eds. (1978, Biochemistry and Genetics of Yeast, Academic Press, New York); and Rose 
and Harrison. {1987, The Yeasts (2** ed.) Academic Rress, London). Methods of introducing 

30 exogeaousBNA into yeast hosts are well known in tine art These are a wide variety of 
methods for transformation of yeast Sphercplast transibm^ 
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(1978, Proc. Nail. Acad Sci. USA 75:1919-1933); Beggs, (1978, Natae 275(5676):104- 
109); and StinchcomJb et aL, (EPO PubKcation No. 45,573; hesein mcoipcraM by reffesence), 
Electroporation is taught by Becker and Gaurante, (1991, Mefeods EnzyamoL 194:182-187), 
lithium acetate is taught by Gietz et al (2002, Mefliods EnzymioL 350:87-96) and Mount et 
5 aL (1996, Mefliods Mol BioL 53:139-145). For a review of transformation systems offnon- 
Saccharomyces yeasts, see Wang et aL (Crit Rev Biotecfanol. 2001;21(3):177-218). For 
general procedures on yeast genetic engineering, see Ban: et aL, (1989, Yeast genetic 
* engineering , Buiterworths, Boston). 

In addition to wild-type yeast and fimgal cells, there are also strains of yeast and fengi 

10 that have beean mutated and/or selected to enhance the level of expression of the exogenous 
gene, and the purity, the post-translational processing of the resulting peptide, and the 
recovery and purity of the mature peptide. Expression of an exogenous peptide may also be 
direct to the cell secretory pathway, as illustrated by the expression of insulin (see (Kjeldson, 
2000, Appl. Microbiol. BiotechnoL 54:277-286, and referent tited therein). In general, to 

15 cause the exogenous peptide to be secreted from the yeast cell, secretion signals derived from 
yeast genes maybe used, such as those of the genes of the killer toxin (Stark and Boyd, 1986, 
EMBO J. 5:1995-2002) or of the alpha pheromone (Kmjan and Herskowitz, 1982, Cell 30:933; 
Brake et aL, 1988, Yeast 4:S436). 

Regarding the filamentous tragi in gmemL, methods for gmetic manipulMon cam be 

20 found in Kmghom and Turner (1992, Applied Molecular Genetics of Filamentous Fungi, 
BlacMe Academic and ProfessioiiaL, M<cw York). Guidance on appropriate vectors canbe 
foiHid in Mar&ielli md Kii^cm (1994, Aspergillus : 50 ye&rs, fflsevieir, Amsterdam). 

1, SgicdT^om^ces 

25 In Saccharomyc<2s 9 suitable yeast vectors for use producing a peptide include YKp7 

(Struhl et aL, Pmc. NaSL AcadL ScL USA 76: 1035-1039, 1978), Y^13 (Braadi et aL, Gtaae 
8: 121-133, 1979), POT vectors (Kawasaki et al, U.S. Pat No. 4,93 1,373, whidi is 
incorporated by reference herein), pJDB249 and pJBB219 (Beggs, Nature 275: 104-108, 
1978) and derivatives thereof Preferred promotes for use in yeast include promoters for 

30 yeast glycolytic gene expression (Hitzeman et aL, 1 BioL Chem. 255: 12073-12080, 1980; 
Alber and Kawasaki, J. MoL Appl. Genet 1: 419-434, 1982; Kawasaki, U.S. Pat No. 
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4,599,311) or alcohol dehydrogenase games (Yomg et aL, in Genetic Engineering of 
Microorganisms for Qranscals, Holtemfa et aL, («&), p. 355, Pfcamnn, New Yoirik, 1982; 
Ammeier, Metk EozymoL 101: 192-201, 1983), w& fte ADE2-4* pumoto- (tassel et aL, 
Natee 304: 652-654, 1983; Irasd and Kilgore, U.S. patent ^plication S©r. Mo. 07/784,653, 
5 CA 1 304,020 and BP 284 044, which are incoxpoxated herein by reference). IThe expression 
umtsmayalsoinchideatrans^ A prefixed transection^ 

(he TPI1 terminator (Altar and Kawasaki, MA). 

Examples of sock yeast-bacteria atoufflle vectors include Yep24 (Bottstein et aL (1979) 
Gene 8:17-24; pCl (Brake et aL (1984) Ptoc. NatL Acad. ScL USA 81:4642-4646), and * 
10 Yxpl7 (Stoichomb efc aL (1982) L Mol BIoL 158:157). Additionally, aplasnrid esgsressiom 
rata may be ft &e copy number gene^yr^^ 

about 1 to about 200. M&e case of copy lanrate 

at least 10, preferably at least 20, and usually not exceeding about 150 copies of the vector in 
asinglebost Depending upon ^heterologous peptide selected, dther a Mgh or low copy 

15 .number vector maybe desirable, depending upon flhe effect of flue vector and the recombinant 
peptide on the host See, for ercample, Brake et aL (1984) Proc. Nafl. Acad. Sci. USA 
81:4642-4646. BNAconstracisoftJte 
gHmisbyrnktegratiEigveDte. Ex£^te of suidh 
wsmptet Botstesn ©£ aL (1979) Gsm 8:17-24. 

20 The setafca of suitable yeast and othisr mcscozgOTsm tosHs fear Hhe practice offline 

• preset inveaition is wi^^ Of particularities wvlth®SMx$wvmyca8 

aperies & ommmw* S. cwkbargsmte, & dimMtew, 8. dmzgfam, & Rfayvzri, S. nortmms, 
mAS. ov^bmm. Wb^rfes&gy^^ saritabJ© 
tost ©sis mssy wcM&& flbcss sSmwhi to hssm^ imte sfcp good secsig&Qn capacity, low 

25 proteolytic activity, and ov^all vigor. Yeast and otSh^miorooirganisms are gesasirally 

availabl © ffiram a variedy of sources, inc Wing the Yeast Geaetic Stodk Caste, Bepartarat of 
Biophysics and Medical Physics, University of California, Bodteley, Calif; and the American 
Type Cultoe Collection, Mmassas VA. For a review, see Stra&ern et aL, ©ds. (1981, The 
Molecular Biology of the Yeast Soedunvnyees, Cold Spring Baxter Laboratory, Cold 

30 SpringHarbor,N.Y.) 

Methods of introducing exogenous DNA into yeast hosts are well known in the ait 
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2, Kchia 

The to© of Pfcto meXhamoUca as a tost ceE for &e prodmtffon of recombinant 
peptides is disclosed in POT Applications WO 97/17450, WO 97/17451, WO 98/02536, and 
WO 98/02565. DNA molecules for use in transfenning P. me&umolica are commonly 
5 prepared as double-stranded, circular plasmids, which are preferably linearized prior to 
transformation. ForpeptickpnNiuctionM 

and tepninatar in flue plasmidbe that of a P. me^umoNmgm^mckm^P. meihcmolica 
alcohol utilization, gene (AUG1 or AUG2). Other nasefiri promotes inctade flhos© of the 
dihydroxyacetone synthase (DBAS), formate dehydrogenase (FMD), and cafcalase (CAT) 

10 gmes, as weU as tihose disclosed m To fedliMe integration of the 

DNA into the host chromosome, it is preferred to have flue ratine expression segment of the 
plasmid flanked at both ceds by host DNA sequences. A preferred selectable madwfinr use 
mPicMa methanolica is aP. methanolica ADE2 gene, which encodes phosphoribosyll-5- 
aminoimidazole carboxylase (A1RC; EC 4.1.1.21), which allows ade2 host cells to grow in 

15 -the absence of adenine. For Harge-scaJa, mdhistoriija]! processes where it is riemhrcfolle to minimize 
the use of methanol, host cells in which both methanol utilization genes (AUG1 and AUG2) 
are deleted are preferred. For production of secreted peptides, host cells deficient in toctoIss- 
protean gCTfis(PEP4 and PRB1) are preferred. EtecSroporaitfonisBsed^ 
wbototitkfc of aplassnid oontaiaiing DNA encoding a peptide of ihnferest mk> P. metihmolim 

20 cells, lisprosfa^tota 

exponeaEtialy decaying puis®! electric field having a field strength of fem 2.5 to 4.5 kV/on, 
preferably aborafc 3 .75 kV/an, and a time constant (It) of fflom 1 to 40 milliseconds, most 
preferably abound 20 mflMseixsnds. For a review of the tos ofPickm fetage-ecale 
production of anybody fogmrats, see Fischer et aL, (1 999, Biotechnol Appl Biochean. 30 ( Pt 

25 2):117420). 

3. AspermBm 

Methods to express peptides in Aspergillus spp. are well known in the art, including 
but not limited to those described in Caxrez et aL, 1990, Gene 94:147-154; Contreras, 1991, 
Bio/Technology 9378-381; Ydtan et aL, 1984, Free. NatL Acad. ScL USA 81:1470-1474; 
30 Tilbmn et aL, 1983, Gene 26:205-221; Kelly and. Hynes, 1985, EMBO J. 4:475-479; 
Ballance et aL, 1983, Biochem. Biophys. Res. Comm. 1 12284-289; Buxton et al ., 1985, 
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Gene 37:207-214, and U.S. Pat No. 4,935,349, incorporated by reference herein in its 
entirety. Examples of promotes useful mAspergiEm are found in TJ.S. Patent No. 
5,252,726. Strains of Aspergillus useful for peptide expression are found in U.S. Patent No. 
4,935,349. Commercial production of exogenous peptides is available from Novoenzymes 
5 foTAspergUlmnigermd Aspergillus o?yzae. 
4. Trichoderma 
Trichoderma has certain advantages over other ^ 
expression of desired peptides. This organism is easy to grow in large apantities and it has 
the ability to glycosylate and efficiently secrete high yields of recombinant mammalian 

10 peptides into the medium, making isolation of the peptide relatively easy. In addition, the 
gjlycosyiation pattern on expressed peptides is more similar to that on toman peptides than 
peptides expressed in other systems. However there are still differences im fine glycan 
structures on expressed peptides feom these cells. For example, terminal sialic acid residues 
are important to the therapeutic function of a peptide in a mammalian system, since the 

15 presence of these moieies at the aid of the glycan structure impedes peptide clearance from 
the mammalian bloodstream. The mechanism behind the increased biologic half-lifeof 
sialylated molecules is believed to lie in their decreased! recognition by lectins (Bricfaaner, 
1988, J. Biol Chrao. 263:9557-9560). However, in general fungal eels do mot add teminal 
sialic add residues to glyc&ns on peptides, and peptides synthesized m fantg^H oeis sens 

20 therefor© asialic. 'According to the present invention, this deficiency cm be remedied nsmg 
the in vitro glycan remodeling methods of the invention described in derail elsewhere herein. 

Trichoderma species BseW as hosts for the piroduction of peptides to be remodeled 
include T. reesei, such as QM6a, ALKD2M2 or CBS383.78 (CateaalbrarCTaa voor 
Sdmnmelcultoes, OostestaM 1, PO Box 273, 3740 AG Basra, ^eNetodmds, or, 

25 ATCC13631 (American Type Culture Collection, Manassas VA, 10852, USA, type); T. 
viride (such as CBS189.79 (d<£L W- Gams); T. hngibracMatosm, such as CBS816.68 (type); 
T. pseudokonmgii (such as MUCL19358; Mycotheque de ITJniversite CaSholique de 
Louvain); T. saturnisporum CBS330.70 (type); T. harziamm CBS316.31 (det W. Gams); T. 
virgatum {T. pseudokonmgii) ATCC24961. Most preferably, the host is T. reesei and more 

30 preferably, it is T. reesei strains QM9414 (ATCC 26921), RUT-C-30{ATCC 56765), and 
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highly productive mutants such as VTT-B-79125, which is derived feam QM9414 
(Nevakmea, Todmcal Research Gsajtre of Finland PtftKcfltians 26, (1985), Bspco, FMmd). 

The transformation of THchodesma with DMA is performed xmng amy tedmque 
known in the art, including that taugfct in European patent No. EP0244234, Haxidri (1989, 
5 Bio/Technology 7:596-601) and Uusitalo (1991, J. Biotech. 17:35-50). Culture of 

Trichoderma is supported by-previous extensive experience in industrial scale fomentation 
techniques; for example, see Finkelstean, 1992, Biotechnology of Filamentous Fangi: 
Technology and Products, Butte^crth-Heinemaen, publishes, Staeham, Mass. 

5. Khsweromvcss 

10 Yeast belonging to the gmus Misyveromyoss have been used as host paganisms for the 

pmdxactioB of recombinant peptides. Peptides pmduced by this genus of yeast are, in 
particular, chymosin (European Patent 96 430), tfaaumatin (European Patau! 96 910), 
albumin, interieukin-lp, TPA, TMP (European Patent 361 991) and albumin derivatives 
having a therapeutic ftmction (Euro^^ Species of particular interest in the 

15 geaus Kluyveromyces included fecfe. 

Methods of expressing recombinant peptides in Khtyvermyces spp. are well known in 
the art Vectors for the expressions and secretion of human mrambmant peptides in 
Khsyvermyces are Iknown in the art (M^ J. Cell Biodtan. SuppL 14C:68, AbsL H402; Fleer, 
1 990, Yeast 6 (Special Issue) :$449) as sure procedures for ttmsSaxmsSism m& <ss^iwmm of 

20 recombinant peptides (Bo et aL, 1983, J. Bacteriol 153:163-168; van dm Barg, 1990, 
Bio/Technology 8:135-139; U.S. Patent Wo, 5,633,146, WO8304050A1, EP0096910,' 
EPG241435, EP0301670, EP0361991, all of ^hidh. are kicoi^orated by reifareaice hssmn m 
thek ^tirety). For a review of geeeti© m^%rafeticsii ®£Kfasyvzm?fip&ss fac&s Ikor DMA 
plasmoids by gwe targeting ami pkssndd shuffle, see Sdhaffi^A ei aL (1 999, FEMES McmbM 

25 Lett. 178(2)201-210). 

6. Ckrvsoporiism 

The fungal genus Chrysoporwm has recently been used to egression of foreign 
recombinant peptides. A description ofihepioceedures by which one of skill in the art can 
30 use Chrysopormm can be used to express foreign peptides is found in WO 00^20555 

(incorporated by reference herein in its entirety). Species particularly suitable for expression 
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system includes tat not limited to 5 C hotryoides, C cmmichadU, C crassi&mimgMm, G 
esarop^ G emlcemmd, F.fasMwm, G fitiforme, Cgerogme, G gfobtfmsm, G gfobsfemm 
tot. artmdafosm, G gfobxfemm vasr. mmm, G hmmdo, G Mspanicsm, G hobm, G 
indiasm, G gffojtf, G kercstinopfoiksm, G foeisdii CL hmsroviamm, G lignorum, G 
5 lobatum, C lucknoweme, C lucknowense Garg 27K, C medium, CL mediim var. spissesoms, 
G mephMasm, C merdarfom, CL merdarmm var. rosesm, C mmor, G pamwola, C 
parwm, G panmm var. crescem, G piltmsm, C peodomerderwm* G pynfonmis, G 
quemslmdictsm, G sigteri, G suljwmm, G synchromm, G tropmsm, G wMktosm, G 
vattmarmse, C vesperttthm, and C zonatim. 

10 

Mdhodsforltmisfomri^ are disclosed m Braspeaa Patent 394 

538. Mefoodlsifrirtra^ 

5,162^28. Methods for transforming Neurospora are disclosed by U.S. Pat No. 4,486,533. 
IS Alsolmowisanejqporessionsy^ 

Patent 385 391). General methods for expressing peptides in fission yeast, 
Sdtizcmcdwromyazs pombe can be found k Giga-Hsam nd Kramgsd (1997, Foraga gme 
expression in iSssion yeast : ScMzosaccharoT^ycss pcmbe, Spiag^r, Brfsn). 

20 C Mammalian systems 

As discussed above, mnimmaJiim cells typically prodtmce a hefosmgeoeora mixta© of 
N-glycan stactaes wbich vasty vwi&iraspect to.&e nssmbor end srasiLgisinCTt of additional 
SEga^s attached to tSh© ttrimamiiosyi cose. Typically, mmnni^im eels protoce peptides taring 
aconipfagly^ Uskg&smAadsof 

25 &e present invration, a peptide produced in & msmmsfai cdl may be msmodeled fig w&tc to 
gm^mte a peptide feavkg desked glycosyMon by first itotifykg the primly glycra. 
stractee and then detemiimngwMchsttgara 
stractee. As discussed heandba, &e sugm 

enzymes will be ms©d and ttes, ihe precise steps of the ireanodeliBg proems will vazy 
30 dreading on teprrai^giyc^ A sample scheane for 

remodeling a glycsa stmctae commonly produced in mammalian cells is shown in Figaro 3. 
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TteN-glycsai biosynthetic pathway m mmmaSim cells has beem well ctar&cte^^ 
(reviewed in Mcremen, 1994, Glycobiology 4:113-125). Many of ejazymies necessary for 
glycan synthesis have been identified, and mutant cefl lines defective m Shis enzymatic 
pathway have been isolated including the Chinese hamster ovary (CEO) cell limes Lec23 

5 (defective in alpha-ghxcosidase 1) and LeclS (novel GlcNAc-TVID). The glycosyiation 
patten of peptides produced by these mutant cells is altered relative to noraial CEO cdls. 
As discussed fceran, Hh© glycosylation defects in tSuese amd o&eir xmratast cells cm be 
eosplpited fbr tffi&e pmposes ofpsoduciaig Ap^slide tiia& I&g&b a coesk^Igs ^ycsaiL stractmse. For 
example, peptides prodEced by Lec23 cells lack sialic acid residues, and thus rapke less 

10 enzymatic manipulation m order to irednce flue glycan structure to an <dmi&M ^mssmm^l 
ooreortoMam3GlcNAc4. Tims, peptides produced in &es© cells cm sarve m prefenreii 
substrates for glycan remodeling. One of ordinary sMU in the salt comild isolato or idsnitiiEy 
ottos' gjlycosylation-defective cell limes based on known methods, for esaxmpl© flue me&od 
described in Stanley et aL, 1990, Somatic Cell MoL Geaei, 16: 21 1-223. Use of 

1 5 : gj ycosylation-defecti ve cell lines, those identified and as yet unidentified, is included in the 
invention for the purpose of generating preferred peptide substrates for the remodeling 
processes described herein. 

Expression vectors useM for expressing exogenous peptides in m^inmrcaMiBani cells are 

20 now oommerdally available fom companies, inclBding Novageo, fine (Msdism, WI), Gsae 
Therapy Systems (San Diego, CA), Pramega (Madison, WI), OonTech lac (Palo AJto, CA), 
and Stratagime (La Jola, GA), among oflhxsrs. 

Ttere are several mmssmsMsm cell lm& that are particularly &dqp>t at expressing 
ejwjg^us peptides. Topically mamniaM^n cell lines originate fam tenor ceMs esteasted 

25 ffiona mammals that Swe become immoirJafeed, ffl&aft is to say, they can inepKcate in raltans 
essentia% indefinitely. These eel lines include, tat are not limited to, QUO (Chines© 
hamster ovary, e.g. CHO-K1 ; ATCC No. OX 61) and variants teec£ NSO (mouse 
myeloma), BNK, BHK 570 (ATCC No. CRL 10314), BHK (ATCC No. CRL 1632), 
Per.Ce™ (immortalized human cells, CrucelN.V., I^ddeu, The Ne&aiands), COS-1 (ATCC 

30 No. CRL 1650), COS-7 (ATCC No. CRL 1651), HSK 293, mouse L cells, T lymphoid cell 
lines, BW5 1 47 cells and MOCK. (Madin-Barby canine Mdney), HeLa (human), A549 (taan 
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fang carcinoma), 293 (ATOC No. CRL 1573; Graham et aL, 1977, Ganu VkoL 36:59-72), 
BGMK (BuBfifolo Qrem Monkey Mdney), H^p-2 (hnanan epidsraioicli larynx ca fcjnosna) , LLC- 
MKa ( Afiican Green Moakey Kidney), McCoy, NCI-H292 (hrnnm puslxnoBsay 
mucoegridesmoid carcinoma tube), RD (rfiabdomyosarcoina), Vesio (AMcan Green Monkey 

5 kidney), MEL (tamaa embryonic tang), Hmman Fetal Limg-Qhang, MRC5 (toman 

Qnbiyomc fesag^ MRHF (human foreskin), and WI-38 (tam&n embryonic lining), fa some 
cases, t$n© ©sate m which flhe therapeutic peptide is expressed may be cells derived finom tSbie 
patient to lbs teste!, or they may be derived from another relate! ckt morelstei msmmsL For 
esampte, fibroblast cells may be isolated from the mammal's skin tissnae, said critangd md 

10 tmmffomm&mvi&v. TMs technology 5s commercially available from Tiranskaryotic 

Itespes, fine. (Cambridge, MA). Almost all emmsfly rased cell lines are available fiom the 
American Type Culture Collection (ATOC, Manassas, VA) and BioWMttatar (Waltesvfll^ 
Maryland). 

Mammalian cells may be transformed wMx DNA using any one of several techniques that are 
15 well known to Hhose in the art Sut&ta^cpesincfa^ 

phosphate transfonnation (Choi and Okayama, 1988 ; Graham and van den: Eb, 1973; 

Coxsaro and Pearson, 1981, Somatic Cell Genetics 7:603), ffidhybminoe£hyl (DEAE)- 

dexfean tonsfbctican (Fagilla et aL, 1986; Lcpata et aL, 1984; Sddea et aL, 1986, ), 

eleitfraporatioin (Neoimam <s& aL, 1982, ; Potto, 1988, ; Pofcfosr efc aL, 1984, ; Wong and 
20 Neuman, 1 982 ), caticmc MpM ragout teaasfeddon (Etoy-Sftdm and Moss, 1990; Fdgnsr et 

aL, 1987; Rose e£ aL, 1991; WMffi eft aL, 1S90; Hwley^Welson et aL, 1993, Focus 15:73; 

Ciccarone et aL, 1993, Foots 15:80), indtowrf (Gspko eft aL, 1984; Miter and Baltimore, 

1986; Pe^eiaL, 1993; AbbA 

1993; I^miscBfa el aL, 1986; Tramea: ei aL, 1990; WilMams et aL, 1984; Milter wd losman, 
25 1989, MoTedimques 7:98«>-90; Wmg and Fin®:, 1996, Nature Med. 2:714-6), polybrane 
(Chaney e* aS, 1986; Kawai asud Msfaizsws, 1984), microinjection (Cagpecdsi, 1980), md 
protoplast fosion (Rassoulzadegan et aL, 1982; Sandri-Goldinei aL, 1981; Schaffer, 1980), 
among others. In general, see Sambxcok et at (2001, Molecular Qoning: ALaboratory 
Manual, Cold Spring Haxbor Laboratory, Ne^¥o±) and A&ssubel e£ aL (2002, Current 
30 Protocols in Molecular Biology, John Wiley & Sons, New Yo&) for Uransformafion 
techniques. 
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Recently the baculovirus system, popular lor traasfcamation of insect cells, has bem 
adapted for stable toasfenration of mammalian cells (see, for review, Koa&aad Goedreay, 
2002, Treads BiotechnoL 20:173-180, and references cited therein). The production of 
recombinant peptides in cultured mammalian cells is disclosed, for example, in U.S. Pat Nos. 
5 4,713339, 4,784,950; 4,579,821; and 4,656,134. Severn! companies offer the services of 
transformation and culture of mammalian cells, including Cell Trends, Inc. (Middletown, 
MB). Techniques for culturing mammalia found 
^ ffpng^r et al (1 QQ7 r , MflmmRtia?n Cell Biotechnology. Walter de Graven Inc.. Hawthorne. 
NY), and Sambrook et aL (2001, Molecular H nmiTipr a Laboratory Manual Cold Spring 
10 Harbor and references cited therein. 

FD. Imect 

Insect cells and in particular, cultured insect cells, espress peptides h&vm x 
glycan structures that are rarely sialylated and usually comprise manner residues which may 
or may not have additional fucose residues attached thereto. Examples of the types of glycan 

IS structures present on peptides produced in cultured insect cells ax© shown in Figure 7 S and 
maonose glycaas thereof 

Baculovirus-mediated expression in insect cells has become particularly well- 
established for the production of recombinant peptides (AMmsomn et ai, 1999, Glycoconjugate 
J. 16:109-123). With iregsri to peptide folding and po^4raislatioBal proc^staife insect cells 

20 are serond only to mammalia® cell lines. However, as motef above, N^ycosyiation of 
peptides in insect cells differs in many respects fiom N-gjDycosykti®n in mammalian cells 
particularly in that insect cells firaqoemfly generate 

oligosaccharides ooataaiaiing juast im or garndtfanes only two maanose residues. These 
structures maybe aAMoBrfHy sAstiM^d with fucose residues. 

25 According to the present invention, a peptide produced in an insect cell maybe 

remodeled m vim? to generate a peptide with desired gjycosylation by first optionally 
removing any substituted fucose residues using an appropriate ffl^ in 
instances where the peptide comprises an elemental trimannosyl core structure following the 
removal of fucose residues, then all that is required is the in vitro addition of the appropriate 

30 sugars to the trimannosyl core structure to generate a peptide having desired giycosylation. 
In instances when the peptide might contain only two mannose residues in the glycan 
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staactae following iremoval of my &co s© residues, a ffluM mamos© mesidtae may lbs added 
mamosytanstferase enzyme and a suitable donor molocrfe msk as GDP^inaininose, 
and thereafter title appropriate residues sore added to generate & p eptid© kviag desired 
glycosylaiicsL 

5 Protocols for the use of baculovirus to transform insect cells are well known to those 

in the art S evtsral books have been published which provide the procedures to»fc 
baculovirus system to express peptides in iasectt cells. Tlhese bccfes imctod©, but are snot 
limited to, Rictadson (Bacrfovimis Expression Protocols, 1998, Me&ods in Motasfa 
Biology, Vol 39, Hurnaaa Pr), O'Reilly et aL (1994, Baculovirus Expression Vectors : A 

10 Laboratory Manual, Qrfbrd TMv Press), and King md Possee (1 992, The Bacralovras 
Expression System : A Laboratory Guide, Chapman & Hall), la addition three axe also 
publications secSi as Ludklow (1993, Curr. Qpin. Biotedmoi 4:564-572) and Mffler (1993, 
Cam. Opkh Genet Dev. 3:97-101). 

Many patents have also been issued that related to systems for baculoviral expression 

15 of foreign proteins. These patents include, but are not limited to, U.S. Patent No. 6,210,966 
(Culture medium for insect cells lacking glutamine an contains ammonium salt), US. Patent 
No. 6,090,584 (Use of BVACs (BacMoVinns AidfificM Chromosomes) to poduce 
recombinant peptides), U.S. Patent No. 5,871,986 (Ues of abaralovirra to express a 
wzosMwssk nucleic acid in a t^m^^sm cell), US. Fatal No. 5,759,809 QbStiSbcdls of 

20 expressing peptides in msec* ceSls and methods of Mffimig fesects), US. Fastest No. 5,753,220 
(Cysteine protease genie defective baculovirus, proofs for its production, and process for &e 
production of economic peptide by using «b© same), US. Patent No. 5,750,383 (Baa^vras 
cloning system), US. Patent No. 5,731,182 (Npn^^nnnntfan DMA vras to express a 
m^Mnte^ nucldic add m a mannnnnnuaM^ eel), US. Patent No. 5,728,580 (MeSncds and 

25 culture media for inducing single cell suspension in insect ceE Mmes), US. Patent No. 
5,583,023 Modified bacelovras, nils pr^araiioB process md its a^Mcation as a gsae 
expression vector), U.S. Patent No. 5,571,709 Modified baculovirus and baculovirus 
expression vectors), U.S. Patent No. 5,521,299 (Oligonucleotides lor detection of baculovirus 
infection), U.S. Patent No. 5,516,657 (Baculovirus vectors for expression of secretary and 

30 membrane-bound peptides), US. Patent No. 5,475,090 (Gene encoding a peptide which 
enhances virus infection of host insects), U.S. Patent No. 5,472,858 (Function of 
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recombinant peptides in insect larvae), UJS. Patent No. 5348,886 (Meflhod of pmducsng 
recombinant eukszyotic viruses m toactem), U.S. Psteii No. 5322,774 (Ptotoyotic lleafe 
sequeaace in iracombinanfc baculoviras expression system), U.S. PstesH No. 5,278,050 (Method 
to improve the efficiency of processing sad secretion of recombinant genes in insect 
5 systems), U.S. Patent No. 5,244,805 (Baculovirus expression vectors), U.S. Patent No. 
5,229,293 (Recombinant baculovirus), U.S. Patent No. 5,194,376 (Baodovinss espressacaiiL 
systean capable of producing recombinant peptides at higb levels), U.S. Patent No. 5,179,007 
(Me&cd and vector for the purification of recombinant peptides), UJS. Patent No. 5,169,784 
(Baculovirus dual promote: expression vector), U.S. Patent No. 5,162,222 (Use of 

1 0 baculovirus early promotes for expression of recombinant nucleic sods in stably 

transformed insect cells or recombinant baculovirases), U.S. Patent No. 5,155,037 (Insect 
signal sequences usefal to improve the efBcigicy of processing and secretion of recombinant 
nucleic acids in insect systems), U.S. Patent No. 5,147,788 (Baodovkus vectors and methods 
of use), U.S. Patent No. 5,1 10,729 (Method of producing peptides using baculovirus vectors 

15 in cultured cells), U.S. Patent No. 5,077,214 (Use of baculovinas early promoters for 
expression of recombinant genes in stably transformed insect cells), U.S. Patent No. 
5,023,328 (K^idoptearan AKH signal sequence), and U.S. Patent Nos. 4,879,236 and 
4,745,05 1 (Method for pirmhramg a recombinant baOTlovfero espressim vector). AM of Hike 
sfiiomm^®m& patentes are incoiipcoted in &ek ©atire&y by referee© herem 

20 Insect cell lines of several diifeeat species origin are ajKraatly bdhag mod for pqptid© 

expression, and files© lines are well Iknown to those in tihe art Basest eel lines of inteest 
include bnt are not limits and 
variants ttareof (Ml amiyworm SpaSaptem tfrngiperda), EsUgmme wcrea, IHchyphsm?^ 

&sM dtapHk Ifa M aid SO sanoag otto, md 

25 mosquito. 

B. Plants 

Plant cells as peptide producers presort a different set of issues. While N-linked 
glycans produced in plants comprise a trimannosyi core structure, this pentasaccharide 
30 backbone may comprise sevea^al diffemrt additional sugars as shown in Figure 6. For 

example, in one instance, the trimannosyl core structure is substituted by a p 1 ,2 linked xylose 
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residue sad an © 1 ,3 linked fincose sesidue. In addition, plant cdls may also produce a 
Man5GlcNAc2 stractae. Peptides produced in pliant cells set© oten Hg^dy aatigeaoic as a 
xesultoffhe presence of the core <&1,3 fbco^aad xylose on Ae giycan striKtfure, aM are 
rapidly cleared from the Mood stream when Mtroduced into a Fnanrmal due to the absence, of 
S terminal sialic acid residues. Therefore, unless these peptides are 'ranodeled using the 

methods provided herein, they are generally considered to be unsuitable as Hherspeutic agenHs 
in mammals. While seme monoclonal antibodies expressed in plant cells wese found to be 
non-immmogemc in mousey it is likely that the glycan chains were not inmnunogenic because 
they were buried in the Fc region in these antibodies (Chargelegrc© 1st aL, 2GttO, TransgiHiic 
10 Res. 9(3):187-194). 

Following the directions provided herein, it is now possible to generate a peptide 
produced in a plant ceH wherein m increased m 

comprise an elemental tbrimannosyl core structure, or a Man3GlcNAc4 structure, Thisis 
accomplished by cleaving off any additional sugars in vitro using a combination of 

IS .appropriate glycosidases, including fucosidases, until the elemental trimannosyl core 

structure or the Man3GlcMAc4 ste These cleavage reactions should also 

include removal of any tfucose or xylose residues fiom Hhe structures in order to diminish the 
antigenicity of the final peptide wheal infercdEced into a mmmal. Plant cells having 
mutations that inhibit the addfitacsm of tfucose and sylos© mssidomss to Hh© tomannosyi o©r© 

20 structae are faown in Hhe art (von Schaewea el aL, 1993, Plant Physiology 102:1 109-1118). 
The use of these cells to produce peptides having glycans which lack &cos© and xylose is 
contemplated by Hhe inrvcsnition. Upon production of the ©tanratri trimannosyi ©use or 
Man3GlcNAc4 stamtas^ additional sugars may Sne&lte added tlhe?nsto to arrive at a peptide 
hsEcvingdesM gjycosylatiom Hhat is fcsrefor© suitable for titers^isfc use in a mammal 

25 Transgenic plants are considered by many to be Dhe expression system of choice for 

phmnaceotical petite. Potentially, plants can provide a cheaper source of ra>omMnant 
peptides. It has besE estimated Hhat the production costs of recombinant peptides in plants 
could be between 1 0 to 5 0 times lower that that of producing the same p ep tide in K coll 
While there are slight differences in llhecodon usage in plants as compa^ 

30 can be compensated for by adjusting the recombinant DNA sequences .{see, Knsnadi et aL, 
1997, BiotedmoL Bioeng. 56:473-484; Khoudi et aL, 1999, BiotechnoL Bioeng. 135-143; 
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Hood et aL, 1999, Adv. Exp. Med. Biol 464:127-147). In addition, peptide synteis, 
secretion andpost-translational modification sore very similar in plants and animals, with only 
minor differences in plant glycosylation (see, Fischer et aL, 2000, J. BioL Regal. Hornet 
Agents 14: 83-92). Them, products feom transgenic plants are also less likely to be 
5 contaminated by animal pathogens, microbial toxins and oncogenic sequences. 

The expression of recombinant peptides in plant eels is weH known in nine ®rt In 
addition to transgenic plants, peptides can also produced m transgenic plant cell cultaes (Lee 
et aL, 1997, MoL CelL 7:783-787), and non-transgenic plants inoculated with recombinant 
plant viruses. Several books have been published ihat describe protocols for t&e gmetic 

HO transformation of plant cells: Potojtois (199S, Gme transfer to plants, Sponger, New Yoxk), 
Nickoloff (1995, Plant cell electroporatiqn and electeofusion protocols, Humana Pmess, 
Totowa, New York) and Draper (1988, Plant genetic transformation, Oxford Press, Boston). 

Several methods are currently nsed to stably transform plant calk wftfo Tneormrilh^iagnit 
genetic materiaL These methods include, but are not Bmit&d^Agrobacterimn 

15 transformation (Bechtold and Pelletier, 1998; Escudero and Hohn, 1997; Hansen and Chilton, 
1999; Touraev et al., 1997), biolistics (ndmiprojectiles) (Finer et aL, 1999; Hansen and 
Chilton, 1999; Shilito, 1999), electeoporation of protoplasts (Fromm et al., 1985, Ou-Lee et 
aL, 1986; Rhodes et aL, 1988; Saunders et aL, 1989; Trick et aL, 1997), polyethylene glycol 
treatment (SMlito, 1999; Trick e£ aL, 1997), m pkmto mirmjinfection (Lsdtac & aL, 1996; 

20 Zhou et aL, 1983), seed imbibition (Trick et aL, 1997), las®: beam (1996), and silicon carbide 
whiskess (Thompson et aL, 1995; U.S. Patent Apple. No. 20020100077, incorporated by 
referesace herein in its entirely). 

Many kinds of plants are amenable to tirainsiBjmiation and expre&ion of exogenous 
peptides. Ptatis of psrtiaalar ratoest to express Hhe peptides to be msed in the r^odeKng 

25 method of the invention include, but are not hmited to , Arabidopsis tSwttitma, rapeseed 
{Bmssica spp.; M and Blurawald, 2002, Plants 214:965-969)), soybean {Glycine max), 
sunflower (Helianfhns umruns), oil palm (Blaeis guineeis), groundnut (peanut, Arachis 
. hypogaea; Deng et aL, 2001, CelL Res. 11:156-160), coconut (Coats nucifera), castor 
(Ricmus communis), safflower (Cartfamms tinc&orms\ mustard (Brassica spp. and Sinapis 

30 alba), coriander, -{Corwndmm sativum), squash (Qmsrbi&a mwtima; Spencer and Snow, 
-2001, Heredity 86(Pt 6):694-702), linseed/flax (lAmm miMissmmm; Lamblin et aL, 2001, 
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PhysiolPlant 112:223-232), Brazil nut (Berthottetia excelsa), jojoba {Simmondma dwwms), 
maize (Zea mays; Hood et aL, 1999, Adv. Esp. Med. BioL 464:127-147; Hood €t aL, 1997, 
Mol. Breed. 3:291-306; Petolino et aL, 2000, Transgenic Research 9:1-9), alfelfe (Khoudi et 
aL, 1999, Biotechnol. Bioeng. 64:135-143), tobacco {Nicotiam tiabaam; Wright et aL, 

5 Transgenic Res. 10:177-181; Frigerio et aL, 2000, Plant Physiol. 123:1483-1493; Cranrar et 
aL, 1996, Aml New York Acad. Sea. 792:62-8-71; Cabmes-Macheteaaii eft aL, 1999, 
Glycobiology 9:365-372; Rnggiero et aL, 2000, FEES Lett 469:132-136), canok (Bri et aL, 
2001, BiotechnoL Prog. 17:168-174; Zhang et aL, 2000, J. Amim. ScL 78:2868-2878)), potato 
(Tacket et aL, 1998, J. Meet Bis. 182:302-305; Richta: et aL, 2000, Nat BiotechnoL 
.10 18:1167-1171; ChongetaL, 2000, Transgenic Res. 9:71-78), alMfe(MgdlorovitzdaiL, 
1999, Virology 255:347-353), Pea (Pisuna sativum; Pemn et al., 2000, MoL Breed. 6:345- 
352), rice (Oryza satim ; Stoger et aL, 2000, Plant MoL BioL 42:583-590), cotton 
{Gossypmm hirsutism; Kcmyeyev et aL, 2001, Physiol Plant 113:323-331), barley (Hordesm 
vulgare; Petersen et aL, 2002, Plant Mol Biol 49:45-58); wheat (Tritiasm spp.; PeUegrineschi 

15 et al., 2002, Genome 45:421-430) and bean (View spp.; Saa&ach et aL, 1994, Mol Gm Genet 
242:226-236). 

If expression of the recombinant nucleic acid is desired in a whole plant rather than in 
cultured cells, plant cells are first transformed with DNA encoding Hhe peptide, Mowing 
wHch^&eplaMisireg^ TMs involves tissiue rata 

20 optimized for eadh plant species. Protocols to regmmto plmftg Ere siteidy wdl Ikiniowm im Ae 
art for many species. F^&eriiore, protocols &r other species can be developed by one of 
srtriun in the art ussmg rastiBe esp^imratatiaau Numerous laboratory lids are available 
that describe proceduxes Jfe plant r^eaeration, BBslnMifag bust not limited to, Saniflh (2000, 
Plant tissue aster© : tedsniqaes and esqpsriments, Acs/fame Bress, S an Diego), Bhojwani and 

25 Razdan (1996, Plant tissue oiltare : theory and practice, Elsevier Sciesnic© Pub., Amsterdam), 
Mam (19%, Plant tissue cdtim, Qrfbrd & IBHPob. Co., New Delhi, inidk),Bodds and. 
Roberts ( 1995, Experiments in plant tissue culture, New Yoric : Cambridge University Press, 
Cambridge England), Bhojwani (Plant tissue culture : applications and limitations, Elsevier, 
Amsterdam, 1990), Trigiano and Gray (2000, Plant tissue culture concepts and laboratory 

30 emcises,. CRC Press, Boca Raton, Fte), and lindsey (1991, Plart 
fundamentals and applications, Ktower Academic, Boston). 
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While purifying recranbinant peptides from plants may potentialy be costly, several 
systansbavebeendevdopedtommn^ One method directs the synthesized 

peptide to me seed endosperm from where it caneasfly estrac*ed(WrigMetsl,2001, 
Transgenic Res. 10:177-181, Guda eta., 2000, Plant Cell Res. 19557-262; and U.S. Patent 
No. 5,767,379, which is incorporated by reference herein in its entirety). An alternative 
approach is the co-extraction of the recombinant peptide wim conventional plant products 
such as starch, meal or oil In oil-seed rape, a fusion peptide of oleosk^rajradmwhen 
expressed in me plant, attaches to the oil body of ^se©4^ombeerim^edfeomiaie 
plant seed along with the oil (Pasmenter, 1995, Plant MoL BioL 29:1167-1180; U.S. Patent 
5 No8 . 5,650,554, 5,792^22, 5,948,682 and 6,288,304, and US application 2002/0037303, ©1 
ofwMchareinwrporatedmmefr In a variation on mis - 

approach, the oleosin is fused to a peptide having affinity for me exogenous co-expressed 
peptide of interest (U.S. Patent No. 5,856,452, incorporatedby reference herein in its 
entirety). 

5 Expression of recombinant peptides in plant plastids, such as the chloroplast, 

generates peptides having no glycan structures attached thereto, similar to me situation in 
probiryotes. However, the yield of such peptides is vastly greater wfom expressed m these 
plant cell organelles, and mm this type of expression system may have advantages over other 
systems. For a general review on the ttectoralogy for plastid expression of exogenous peptides 
20 in higher plants, see Hager and Beck (2000, AppL McrobioL BiotechnoL 54302-3 1 0 9 and 
references cited therein). .Plastid expression has been particularly successful in tobacco (see, 
for example, Stamb et ai, 2000, Nat BiotechnoL 18333-338). 

jfatodnction offamjornbimamtBNA into the fertilised egg of an animal (&g, a 

25 inanmial) may be accomplish^ 

animal technology. See, e.g^ Hogan et ai, Mampnlatimg me Mouse Bmteryo: A laboratory 
Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1986; andU.S. 
Pat No. 5,81 1,634, which is incorporated by reference herein in its entirety. Most 
commonly, the recombinant DNA is introduced into the embryo by way of pronuclear 

30 nricroinjection (Gordon et aL, 1980, PNAS 77:7380-7384; Gordon and Ruddle, 1981, Science 
214:1244-1246; Brinster et aL, 1981, Cell 27523-231; Costantini and Lacy, 1981, Nature 
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294:92-94), Mcanoinjedfion has ihe advantage of being applicable to a wide varidy of 
species. PireknplanMiQn embryos may slso tetraisfexmed wffihiretoviruses (Jasaisdh md 
Minte, 1974, Proc. NatL Acad ScL U.S JL 71:1250-1254; Jaemisch et aL, 1976, Hamatol 
Bluttnms&s. 19:341-356; Stuhlmann et aL, 1984, Proc. Natl Acad Sd U.S.A. 81:7151- 

5 7155). Retroviral mediated transformation has flue advantage of adding single copies of the 
recombinant nucleic acid to the cell, fart it produces a higjh degree of mosaicism Most 
rec^tiy, emferyom^ 1986, 
Proc. NatL Acad ScL U.S.A.. 83:9065-9069), taosfe of entire chromosomal segments 
(Lavitrano et al, 1989, Cell 57:717-723), and gamete tramsfbction in cG^umctson with m vitro 

10 fetilization (Lavitraao et aL, 1989, Cell 57:717-723) have also hem used Several books of 
. laboratory procedures have been published disclosing these tedhniqoes: Cid-Anegiri and 
Garcia-Camsnci (1998, M&croinj ection and Transgenesis : Strategies and Protocols, Springer, 
Bedim), QaAe (2002, Transgenesis Techniques : Principles and Protocols, Humana Press, 
Totowa, NJ), and Pinkert (1994, Transgenic Animal Technology : A Laboratory Handbook, 

15 Academic Press, San Biego). 

Once the recombinant DNA is introduced into Dhe egg* the egg is incubated for a short 
period of time and is then tomsfesmJ mto apseodopregpmt animal oftfhe same species tfrana 
which tSue egg was obtained (Hogan et aL, supra). In the case of mammals, typically 125 
eggs sere injected per egperiment, appmximatety t^o-&kds ©fwMclh will simrvive fee 

20 procedure. Twenty viable eggs are transfeirml into a psradcpiregnralt mammal, four to ten of 
which will develop into live progeny. Typically, 10-30% of the progeny (m the case of mice) 
carry the recombinant BNA. 

While &<s ot&© mim^I c&nbe HBsed as m expression system for the peptides of the 
invsition, in a prefaced mibodiment, flue eKogaora peptide a©cra.utat©s m products of She 

25 animal, fiom which it can be harvested without irgwy to the animal Mprafared 

embodiments, flue exogenous peptide accranulate in milk, eggs, hair, Mood, and urine. 

If the recombinant peptide is to be accumulated in the milk of the animal, suitable 
mammals are nminante, ungulates, dmnmerfi rested mrnimaJa. and dairy animals. Particularly 
preferred animals are goaSs, sheep, camels, cows, pigs, horses, oxen, and llamas. Methods for 

30 gmerating transgenic cows that accumulate a recombinant peptide in their milk are well 
known: see, Newton (1999, J. Immunol Methods 231:159-167), Ebert et aL (1991, 
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Biotedmology 9: 835-838), SBBdlLS. PateatfNos. 6^10,736, 5,849,992, 5,843,705, 
5,827,690, 6,222,094, all ofwMch are incorporate! teem by rdferanc© in iA eefee&y. Hie 
generation of transgenic mammals that produce a desired recombinant peptide is 
commercially available fiom GTC Biotherapeuiics, Framingham, MA. 

5 ifthe recombinant peptide is to 

not limited to, chidcems, geese, and takeys. Other animals of interest include, but are not 
limit ed to, other species of avians, fish, ^reptiles and amphibians. The intaAaction of 
recombinant BNA to a chickm by retroviral transformation is well known in the art 
Thoraval et aL (1995, Transgenic Research 4369-376), Bosseltaaan et aL, (1989, Sdence -243: 

10 533-535), Petropoulos et aL (1992, J. Virol. 66: 3391-3397), U.S. Patent Wo. 5,162^15, 
incorporated by sefoence herein in its entirety. Successful transformation of dricfeenswiih 
recombinant DNA alsobemacMemiwherekBNAisintn^^ 
and blastodearnal cells so transfecied are infiro^ 

Mol. Repred Dev. 30: 304-312), Fraser, et aL (1993, bt. J. Dev. BioL 37: 381-385), and 
15 Petitte et aL (1990, Development 108: 185-189). ffigj* througjfcpxt technology has been 

developed to assess whether a transgenic chicken expresses the desired p eptide (Harvey et aL, 

2002, Poult ScL 81 202-212, U.S. Patent No. 6,423,488, incorporated by reference herein in 

its entirety). Using retoviMt^^ 

betarlactmas© was aca^^ 
20 BiotedmoL 20(4):396-399). The prodrfon of drickens prodtorang cKogeafious peptides in 

egg is commercially available fern AviGeaics, Inc., Atfas GA 
G. Bacteria 
Mecombin^^ 

gtyoosyisted. Howevisr, tec&eria systems capable of gJtycosyllMmg p<qptides_£sre Iteming 
25 evident and toetoe it is likely tShast glycosylated recombinant p^Dtides maybe pircdoced in 

bacteria in fltaar©. 

Numraous bacterial expression systems are knowninHheart Preferred badmal 

species include, bint are not limited to, E.coli and BacUhs species. 

The expression of TP^iTn^^t peptides m R coli is well known m the art Protocols for E. 
30 coli-based ©qsression systems are found in U.S. Appln No. 20020064835, U.S. Patent Nos. 

6,245,539, 5,606,031, 5,420,027, 5,151,511, and RE33,653, among others. Methods to 
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toasifom bacteria inc fade, M are not iiiM to , calckni dbloddb (Cotem etai, 1 972, IPtec. 
Natl Acad. ScL U.SJL. 692110-2114; HmJIm, 1983, 1 MoL Biol. 165:557-580; MswM 
and Digs, 1970, J. MoL BioL 53:159-162) and ekcirapaatioii (SMg£&swa sndBow©r 9 1988, 
Biotechniques 6:742-751), and those described in Sambrook et al, 2001 (supra). For a 
5 review of laboratory protocols on microbial tansfomiaiioB and expression systems, see 

Saundess said Saunders (1987, Microbial Genetics Applied to Biotechnology : Principles ssod 
Techniques of Gone Transfer sad Manipulation, Groom Helm, London), Pffihfa (1993, 
Genetic Engineering of Mcmorganisms, Wdnhekn, New YoA), Lee et aL, (1999 s Metabolic 
Engineering, Marcel Ddkte, New Yo&X Adolph (1996, MorobM Gemme Methods, CRC ' 

10 Px^s, Boca Ratal), and Birron md Lai (1996, Nomnamanalisa Genomic Analysis : A 
Practical Guide, Academic IPftsss, San Diego), 

For a general review on the Eteraiurefo^ coli see Balbas 

(2001, MoL BiotechnoL 1925 1-267). Several companies now offer bacteria! stains selected 
for the expression of mammalian peptides, such as the Rosette™ strains of & cols (Novagen, 

15 inc., Madison, Wt with enhanced expression of eukaryotic ccdons not normally used in 
bacteria cells, and eahaaced disiiMde taid fbnnati 
BL CeHenrineering 

tt will be apparrat firan the presost disclosure that tSius more umtffom tSus sJasting 
material psraluced by a cdl, the snore ©fflH®^ wil be tShe g^aisa^&on m vt&w of toge 

20 quantifies of peptides having de&imed glycosyteion. Thro, the ©so^ac snigtinesing of ho&£ 
cells to produce miiformly glycosylated peptides as starting msteM for iShie vtem 
©szymstic reactions disclosed ho^ain, provides a significant advantage o vor using a peptide 
starting maHisirii^l having a hefc^gsneorois se£ of gUycm stecton^ steched ftsreto. Om 
prdmedpeptidbste^^ 

25 primarily gUycan molecules which ©onsto solely of an elemental tekMnnosjHl cose structure. 
A?K)fc(gr preferred starting msteM is Ma^GlcNAc4. Following &© rraiodeliinig process, fee 
preferred peptides will give rise to the greatest amount of peptides having desired 
glycosyMon, and thus improved clinical efficacy. However, ofiiergiycan starting materialis 
also suitable ftwr use in the methods described herein, in that for example, high mannose 

30 glycans maybe easily reduced, m vUro> to elemental trimannosyi core structores using a 
series of mamiosidases. As described elsewhere herein, oter glycaa starting matmal imiay 
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also be used, provided it is possible to cleave off all extraneous sugar moieties so thai the 
elemental trimamosyi cor© stectoe or Msn3dcNAc4 is geaeraSedL Thus, toe pispose of 
using genetically engineered cells for the production of the peptides of the present kveotioai 
is to generate peptides having as uniform as possible a glycan structure attached thereto, 

5 wherein the glycan structure can be remodeled in vitro to generate a peptide having desired 
glycosylation. This will result in a dramatic reduction in production costs of these peptides. 
Since the glycopeptides produced using this methodology will predominantly have the same 
N-liriked glycan structure, thepost-producticmmodMcationpro can be standardized wt& 
optimized to produce a greater batah^ Asaresult,the 

1 0 final completed-chain products may be less hetaogmeous than those presently available. 
The products will have an improved biological half-life and bioactivity as compared to tSue , 
products of the prior art Alternatively, if desired, the invention can be used to introduce 
limited and specific heterogeneity, e.g., by choosing reaction conditions that result in 
differential addition of sugar moieties. 

15 Preferably, though not as a rigid requirement, the genetically engineered cell is one 

which produces peptides having glycan structures comprised primarily of an elemental 
trimamosyl core structure or At a minimum, the proportion of these 

preferred structures produced by the genetically engineered cell must be enough to yield a 
peptide having desired gjycosyiation Mowing the remodeling protocol 

20 In general, any edkaryotic cell Hype cam be modified to become a host cell of the 

present invention. First, the glycosylation pattern of both endogenous and recombinant 
glycopeptides produced by the organism are determined in order to identify suitable 
additioms/dleldions of CTzymatic activities tot result in the production of elemental 
trismmcsyl cere gSyoo^ptides or Main3GkNAc4 glycopeptides. TMswil typically entail 

25 deleting activities flial use flriinanEDsyi gjycopeptides as srabstraies tfbir a g^ycosyltansfemse 
reaction and inserting enzymatic activities that degrade more complex N-linked glycans to 
produce shorter chains, la addition, geaeticalfy engineered cells may produce high mannose 
glycans, which maybe cleaved by mannostdase to produce desired starting glycan structures. 
The mannosidase may be active in vivo in the eel (Le., the eel may be genetically engineered 

30 to produce them), or they may be used in in vitro post production reactions. 
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T^MqE©s for genetica%moditf^ to atar glycosyMon profile of 

espied petite are wdHramsra. See> e.g., Altamnn et aL (1999, Glycoccspigste J. 16: 
109-123% Mm et aL (2000, GlycoMology 10(8): 837-847), Jarvis ©4 si, Qk vitrc^m 
Conference, Marcb, 1999, abstract), Hollister and Jarvis, (2001, Glycobiology 11(1): 1-9), 
5 and Palacpac et aL, (1999, PNAS USA 96: 4697), Jams et aL, (1998. Cms. Opin. BioteclmoL 
9:528-533), Gemgross (U.S. Patent Publicatioa No. 20020137134), ad of which disclose 
tedhniqees to *mammaliaBiz© w insect or plant cell expression system by temsifbc&ig insect 
or plant cells with glycosyliramsfems© geiaiss. 

Teclmiqpes also exist to geaetically alter the giycosylMion profile of peptides 

10 expressed in K coU. K coli has besa mgme^ed wMn vmoius gSycosjdtomfers^ fix>m tSbie 
bacteria Neisseria meningitidis mdAzorktzobhm to produce oligosaccharides wto (Befcffler 
et aL, 1999, Glycoconj. J. 16:205-212). & coli which has been genetically engineered to 
over-express Neisseria meningitidis f$13 N acetyl glc^asamyltraiasfasse IgSA gene mil 
efficiently glycosylate exogenous lactose (Mem et ai, 2002, Glycobiology 12:235-240). 

15 Fungal cells have also been genetically modified to produce exogenous 

gjycosyitransfeases (Ybshida et aL, 1999, GlycoMology, 9(l):53-58; Kalsmer et aL, 1995, 
Glyeocomjj. J. 12:360^370; Sdawieate and Ernst, 1994, Gsa© 145(2)^99-303; CMba et d, 
1995, Modhsm L 308:405-409). 

Bras, m oi® aspesc^ ffliispras^ a 

20 glyoopqptids population su&ch that a pnopoition of glycopeptides prodE©©d &©rdby have an 
elemental trimaxnnosyi come or a Man3GlcNAc4 stractcro^ FtefosMy, the cell pxodeces a 
peptide having a gjyc&n stoctane comprised soHy of an etemenM tronMmo^ com Afia 
mmsmmn, tSfoe proponHiom of peptides having n el<snni<si2teS trimssmosyl ©oro or a 
Maa3GlcNA©4 stactom Is ©nmagjh to yield peptides having desired ^ycosylatiom Mowing 

25 the remodel^ process, lie cdl has ktooduced into it one oir more iuiist^coJtojSDiEBS mmcisiic aciid 
expression mits, each of which may ©emprise one ©rumor© xracleic add seqiDiaces oacoding 
one or more peptides of interest Thematorftfbmof^ 

comprise one or more complex N-linked glycaas or may singly be a high maOTLOse*glycOT. 
The cell may be any type of cell and is p^ferabiy a eafaryotic celL Tlhsceflmaybea 
30 mammalian ceE such as busman, rnoiase, rat, rabbit, haamsta" or oSrarftype of mammalian cdL 
When the cefl is a mammali an cell, the mammalian <qs1I1 may fee derived from or contained 
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giycqpx£ptid© mdl a variety of j^ycogylatkg gSycosidas© eanzycaeg w i&sosswy forte 
prodirfom of (fafcsd glycopeptide molemles. Ik addition fee cell my lb© © fimgal cell, 
preferaMy, ayea^^H, ort&@G©Hmaybemks©c4orapkatcel. Similarly, wihea fee cell is 
5 a plant cell, fee plant cell may be dmved fosm oir contained wifeisi a frrasgjsnic ptant, 
whesein fee pliant encodes fe© desked glycopeptdde sad a vssiety of gtycosyl&fejig smd 
glycosides© ©nizyEintes &s ^necessary fear fee piodmdfioia of desired gly©opqpSid© molecnl®. 

ia some raabodnnsnits fee host cell may be ® ©dkasyotfic osM espresfimnig cam© or mose 
hetoologoBS gSycosjtosfflisfesise enzymes and/oar « oir mosre Hnetaologom gJyoomdase 
1 0 ©fizymeSj, wheran espmessiion of a BjecomMmmt glyoopeptid© in flue host ©ell irwlfis fen fee 
pmdEcfai of a resomnibimimt glyoopeptide having an ekmeastal Mmamios^ oase as fee 
prnrory gjycm stoctoe attached fe^eto. 

In some enabodanoiCTts fine heterologous ^yoosySfcransfaase emyme weM fen fee cell 
maybe selected fcom a group consisting of any known glycosylfransferase enzyme inctaded 
15 foremnple,infeeMofGlyro^ 

Handbook of Glycosyltaasfeases sad Related Ckaes* Springer, New YoA). 

In ofee^ mibodraiCTils, fee heteolo gros glycosylas© (sizyme may Ibe selected fiom a 
gnrap ©oBSfisfcug ofmrnrosidag© 1, mssmosMaes % mamnosidas© 3, ssad ofe<sr jnnmmosidas©^ 
mcMfafc ta£ mo& Irated to p mca^WaB niiamio&idases. AM&mSdM 
20 eozynoowdM 

la yet other embodim grufa^ fee host cell may be a rfss^tao eeB wtesh am or moire 
eadogCTOiras ^lyDOS^tonisfease ©mzynnes srf/oir on© otsjott© radogenom gByscaadase 
enzyme hsftp© becsm MBactfivsted OTcSh feat ©spnsssion of & fflBfi ®^1hfa*nM ^ycop£ip(£iid© 5eh fe*© 
hcsft cdll jnsrffiB m fee pircdtofim of a iimMThmmft gflyratpqsfti<fe Ihsftrifog im ritearngsnM 
25 tmnannosyi ©ore as fee primary gjycsoa stactoe attached feea^o. 

3to addMomJl rfmimote, fee host eel may eapess hetegologom 
gjycosyitaisferffise ®^ 

mdog^iom gjycosyiteaiasfesse msymea and/or giycosidase enzymes ssre mactivaSed 
Badogenioias gj ycosjtemsferase ^izymes m&or giycosidase emymss may be inactivated 
1 30 nosing my tecSmiqn^ Imown to feose skilled m fee art mctodm^ bunt not fiemitei to s aaHsssnse 
techniques and tecbmqoes imvolvkg iBsertion of nucleic acids into the genome of fee host 
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cdL Ik both© OTfcodimjsnits, H3h© endogCTons gazynngs may fee selected fena a giDDTEjp - 
consisting of OnT-I, a selection of maonosidases, ^osyltansfeass, ®om ©13 
focosytaansfefase, sdnes/iOTte O^Bamiiosyi1Imis&miss 9 and the like. 

Alternatively, an oppression system tfhat nataally glycosylates p eptides smclht that the 
5 N-linked glycans are predominantly the tdmamosjd cor© type, or the Mm3GlcNAc4 type, 
cm be exploited. An example of a cell type ttoprodasces trim^mosyi cons m S© ©dlk 
Other mstik expression systems can be identified by malyzing glycopeptides t&afc arte mtoaMy 
or recombiinarfy expressed inn cells and selecting flues© which exhibit &© desmred 
glycosyiation disracteistics. The invasion shonld fee constraed to incfad© any ggrndl sfl sBach 
1 0 cells for Sue pmdncflion of the peptides of Ahe pressoft invratioiL 

V. Purification of gtvean remodeled and/or rivcoconmeated peptides 

If ilhe modified glycoprotein is pmdasoed inteceltolrfy or secrisfced, as a first step, the 
particulate ddras, eifher host cells, lysed ftagmients, is removed, for example, by 

15 .c^ririfiigation or ultrafiltration; optionally, titee protein maybe concentrated wi£h a 

commercially available protein concentration filter, followed by separating fee peptide 
valiant &om other imptimtiies by one or more steps selected from immraoaffioity 
clmmiatogiraplhy, ion-^dmnge cohamn fiscfionation (<s.g.» on (ffi^yiaminoAyl (BEAM) or 
mo&Mcss cmMmmg (Mrtosymd&iyl m mMs$m$>yi grasps), dhnrraastogfrs^Ibiy osa Bfa$- 

20 Sephaxoss, CM Bta^qptaro^ MOMMJ, MONO-S, fatal JadSant&pbmm* WGA- 
Sepharose, Con A-Sephamse, Bfte&r Toyapead, Busty! Toyopeari, Phenyl Tcyopesd, or 
protein A Septaose* SDS-F AGE dmmstog^hy,, silica dLromstogrspIhy s 
chnraMt®^^ rcewsrs© pte© HPLC (RP-HPLQ, gel fflfiration wmg, <zg. , Sqphsdss 
moleaalss" si©ve or s5z©-<sKdtasion dhnromatog^ky, dhraimitogp^pky on ootomns ttat 

25 sdectivdy bind tihie peptide, and $&anol, pH or anrooniirai sulfate precipitation, snooteme 
filtration and vsriomis t©chni<tp©s. 

Modified peptides prodroed in rata© are nsually isolated by initial extraction Ifrom 
cells, enzymes, etc ., followed by one or more concajtrafion, saMng-ont, aqueora ion- 
exctage, or size-exeksion dhromatograplhy stqps. Additionally, Hhe modified glycoprotein . 

30 maybepurMedbyafMtydmmatogr^hy. Then,HPLC may be eojployed for final 
purification steps. 
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A protease iohibitar, e.g. , pheayhm<^ (PME5F) may be kcluAd m 

™y oftfhe fcrogaing steps to inhibit proteolysis sad antibiotics may lb© jfocltaded to prevent 
the growth of adventitious coatosmmte. 

Within another mibodmeifl^ supematants i&om systeftns which produce the modified 
peptide of fine invention are first concentrated using a commercially available protean 
concentration filter, for example* m Amicon or Mllipora Pefficon rftoffltrEdonmfc 
Following &e concentration step, the concentrate may be applied to a suitable prificadion 
malrix. Forejorapl^asdtableaffi^ 

or antibody molecule bound to a suitable support Alternatively, an anioxHSxdxange 
nnay be eanployed, for example, a matrix git substrate Ihavmg p^idanft DBAE groinps. Suitable 
matrices include acrylamid©, agarose, dextaaa, cdfelose, or otter types commonly employed 
in protein purification. Altem^dy,"acatiom<KGll^^ Suitable 
cation exchangers include varioias insoluble matrices ©omprising raliGoprop^l or 
caxfeoxymethyi groins. Sulfoprapyl groups are particularly profexrai 

Then, one or more RP-HPDC steps employing hydrophobic RP-]^^ 
silica gel having pendant ane&yi or ofeer aliphatic groups, maybe en^ployed to further purify 
a peptide variant composition. Some or aH of the iforisgom^ 

combinations, can also be ©Deployed to provide a homogsieoiiBs modified glycoprotein. 

Hue modified peptide of tij© mvation rmalltiinig tea a fag©-scal© femneniMion may 
bepiinifiedbym^hodsanMogoinsto ffliiose disclosed by TLMal^isI,^ Ch?wm8og m 171 
(1984). This refeenc© describes two seqioisnifikil, RP-HPDC st^s purification of 
mxmSmrn^ human JDL-2 on a pm^rafiv© HPLC cofaranu Mtenniaffivelyj, tochmqinii^ mA m 
affinity diromatogiraphy may be utilized to purify the modified gjyocpnotdim. 

VI Inferred PeiD^^ 

The prosmt invention ifocfafes isolated nucleic acids (acodimg various peptides and 
proteins, and similar molecules or fragments <h®rao£ S^pqitid^inclnde^bntarenot ■ 
limited to human granulocyte colony stimulating factor (G-CSF), taman interferon a^>ha 
PN-#ha), human interferon beta (IFN-beta), human Factor VH (Factor VEQ, human Facte 
IX (Factor DC), human follicle stimulating hormone (FSB), human erythropoietin (EPO), 
human grannlocytefenac^ colony stimulating fector (CM-CSF), human interferon 
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gamma (WN-gpsmxm), hssmm dptfel-fnteue inhibitor (also Iknown as a^harl-antitey^^ 
or alpto44rypsin inMWtar; A4-P1), gtocoosrdrosid^ bwwm tissee-type activate (EPA), 
human inj^eulrinr2 (XL-2), human Factor VM (Factor Vim) , a 75 KDa tamor neaflDsis Sector 
seceptor feed to a human IgG smmmogjobulin Fc portion, comm^ciaffly known as 

5 HNBREL™ or ETANERCEFI™ (dsimeric TNFR), fovmm urokinase (uroMnase), a Fab 
fragment of the humanAnouse chimeric monoclonal antibody thai specifically binds 
glycoprotein Hb/ Ilia and the vitonectin alptev bets^ recep tor, known commerasSly as 
REOPRO 11 ^ or ABCBOMAB (chimeric aati^ycopotdn nb/DHa), a iinouse/human chimeric 
monoclonal antibody that specifically binds human HER2, known oommiGSciaUy as 

10 HBRCBPTIN™ (chimeric anti-HIBR2), a human/mouse chimeric antibody that specifically 

binds the A antigraic site or the F protein of inspiratory syncytial vims commercially known 

as SYWAGHS*™ or PAIJV3ZUMAB (chimeric anfi-RSV), a chimeric human/mouse 

moBOcloBrf saitifoody £hM specifically binds QD20 on human IB-cells, known commercially as 

i 

KJTUXAN™ or RH1JXAMAB (chimeric anfi-CD20), human recombinant BNase (DNase), 
15 -a chimeric human/mouse monoclonal antibody that specifically binds human Humor necrosis 
fector, known commercially as REMICADB™ or INFLIXIMAB (chimeric axjti-TNF), 
human insulin, the surface antigen of a hepatitis B virus (adw subtype; HBsAg), and human 

* Hhe isolated nroctec acid of the invention should be construed to include m KNA or a 
20 DMA sequence encoding any of the above-ideotified peptides of the imrvration, and any 

modified forans theaeo£ ^fl™fag chemical modifications of the DMA or SNA wMdkirisnyte 
the nucleotide sequsnic© more stable whm it is eel ftee or wheal it is associated with a cell 
As a noshlimiting example*, ofigomsdeotides which contain at least one phosplM>mthitoffite 
modification are known to conifer mqpoB the oMgonucleotide erihmced resistance to nucleases. 
25 Specific examples of modified oligonucleotides include those which contain 

phosphcraflMoate, phosphotrieste, nnethyi phosphonate, short chain aikyi or cycloalkyl 
iniersragar linkages, or short chain hete^atonric or heterocyclic intersugar ("backbone") 
linkages. In addition, otigonucleotides having moq>holm 

No: 5,034,506) or polyamide backbone structures (Nielsen et aL, 1991, Science 254: 1497) 
30 may also be used. 
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recited herein, brtlhasSh© same biological property as flue peptides disclo sed herek, in tost 
the peptide has MologacalModhimEcrf pqmrtd^ ofCKSSF, lENks^H XFN-tea, Factor VO> 
Factor IX, F8H,]]MX #Mxw^bro^^ 
VHt dramic TOFR, iim>Mnase> damesic anti-glycoprofcsm IB/Ma, cMmsric mti-HER^ 
5 chimeric anti-RSV, cWmeric anti-CB20 s BNase, chimeric anti-TNF s Iranian mmlm, HBsAg, 
aodHQS. 

Fintta included are fragments of petite that retain the desired biological activity of 
flue peptide irrespective of the lengJh of thepeptide. It is well within the sfrffl of th© rism to 
isolate smaller* than full length forms of any of the peptides useful in the inveatioss, smd to 
10 determine, wing tie assays provided herdn, which isolated fiagmsniis retain a desiir©d 
biological activity and are Ite - 

A biological property of a protein of the present invention should be constmed to ' 
include, bust not be limited to include the ability of fine peptide to fimdfion in the biological 
assay and mvironnients described herein, such as reduction of inflammation, elicitation of an 
15 Tnjrmmme response, blood-blotting, increased hematopoietic output, protease inhibition, 

immune system modulation, binding an antigen, growth, alleviation of treatment of a disease, 
* BN& cleavage, and the like. 

A-G*€SF 



20 

stoctoreonG-CSF. G-CSFis wettfaownm 

cells, macrop hages, <smdothdM cdls, aM G-CSF prii^mlyasteonlfes 

bone ananrow to increase fine production of infflanmafoxy leulkocytes, and ffisirtlhsr fcnctions as 
an ©Jidocrine honnnione to initiate the repleniighnsflA of neutrophils ocsnsuaned during 

25 inflammatory Amotions. G-CSF also has climcal Explications in h®m mmww placement 
Mowing dhOTotters5>y. 

WMle G-CSF has beea shown to be an important and useful compound fox- 
therapeutic applications in mammals, especially humans, preset methods for the production 
of G-CSF from recombinant cells results in a product having a relatively short biological life, 

30 an inaccurate glycosjdation pattern that could potentially lead to iinmunogenicity, loss of 
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tactic^ aad an im^ 

the smm effibcft, and £h@ like. . 

G-CSF has been isolated sod domed, the nwk&c acid scad ammo acid sequences of 
which sore presented ass SEQ ID WO: 1 and SEQ ID NO:2, respectively (Figure 52A and 52B, 
5 respectively). The present invention emcom^ 

particularly as it relates to the ability of G-CSF to fraction as a potent and functional 
biological molecule. The sMlled artisan, when equiqpped with &© preset disclosure md the 
teachings terem, will readily unifastand that the present invention provides composition and 
methods for the modification, of G-CSF. 

1 0 The present invention father encompasses G-CSF variants, as well knows* in Hh© art 

As an example, but in bo way meant to be Hmitmg to the present invention, a G-CSF variant 
has been described in U.S. Patent No. 6466,1 83, in which a G-CSF comprising the natural 
complement of lysine residues and further bound to one or two polye&ylene glycol 
molecule is described. Additionally, TJJS. Patent Nos. 6,004,548, 5,580,755, 5,582,823, and 

15 . 5,676,941 describe a G-CSF variant in which one or more of&e cysteine residues at position 
17, 36, 42, 64, and 74 are replaced by alan^ ILS.PatentNo. 
5,416,195 describes a G-CSF molecule in which the cysteine at position 17, the aspatftic acid 
at position 27, and the seriates at positions 65 and 66 are substituted with serine, suites, 
proline, and proline, jresjp^c&ively. QStar variants are well known in the art, and are described 

20 in, ffiwr eranngdfit U.S. Patent No. 5,399,345. 

The expression send activity of a modified G-CSF molecule off the present invention 
can be assayed using methods wel known in the azti, and as described in, for examples U. S . 
Patent No. 4,810,643. As an example, activity can be measraed using iradio-label©d 
thymidine uptsfo assays. Briefly, hmnfintaM 

25 density cut withFicol-Hypaupe (1.077 ©tol, Fharsnada, Piscateway, NJ) and low density 
cells are suspended in Isoove's medium (GDBGO, La Jolla, CA) containing 1 0% fetal bovine 
smm, ghitamke and antibiotics. About 2 X 10 4 human bone marrow cells are incubated 
with either control medium or Sue G-CSF or the present invention in 9 6- well flat bottom 
plates at about 37° C in 5% CO2 in air ifor about 2 days. Cultures arothea pulsed for about 4 

30 hours with 0.5 pCi/well of ^-thymidine (New England Nuclear, Boston, Mass.) and uptake 
is measured as described in, for example, Veetua, et aL(1983, Blood 61 :781). An increase in 
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^^hyrakfime incoiporatioBi into lhn™mi bone msmm cells as comparted to bonne smarow cells 
tested wtfh a control compound is an wMc$&m of a ac&ve md viable G-CSF comjpomii 

IB. IPN atohfl md ™ b^ | 
3 The present invention further eacompasses si mefthod for the remodeling and 

modification of^ IFN alpha is part of afemilyof approximately 

twenty peptides of spprosimately IS&Bain wdgjut IFN alpha and IFNbeta, collectively 

Imown as the Type I inteferons, bind to the same cellular receptor and elicit smite 

sesponses. TypeXIFNsinhMtvM 
1 0 modulate MHC molecule expression, and inhibit cellular proliferation, among other tilings. 

1^1 IFN has bemused as a the^^ 

as a the^py for multiple sclerosis. 

Cranreait compositions of Type IIFN are, as described above, useful compounds Sbr 

both the modulation of aberrant immunological responses and as a therapy for a variety of 
15 diseases. However,they are hampeaed by decreased potency and fimcSion, and a limited half* 

life in the body as compared to natural cytokines comprising the natural complement of 

glycosylation. 

The prototype mmscleotide md amino acid sequoice ifbr IEN alpha is set fodh herein as 
SBQ ID NO 3 md SBQ ID NO:4, iiespectiveiy (Figure 53 A and 53B, insspectively) . IFNbsta 
20 comprises a single grae prodtoct of approiAnately 20 MDa, fee nancleic acid and amino acM 
sequence of which aire px^snted hsrdn as SBQ ID NO:5 and SBQ ID NG:6 (Mgimre 54A and 
54B, respectively). The p&esOTt invCTtkm is not Kmited to Hhe raucleotide and ammo acM 
sequences haean. Qmeof ^riBmtlhearitwffli^^ 

alpha mist boHh rataraBy md as CTgnsiesred dmva&v^, Similarly, ffi^be^ 
25 modified in attests to achieve a moire beneficial therapeutic pzoiffik Examples of modified 
Type I IFNs are well faaown in the art (see Table 8), and aire described in, &r ©sample U.S. 
Pate^ No. 6,323,006, m^chcyst^^ 

4,737,462, 4,588,585, 5,545,723, and 6,127332 whore an BPN ktawi a substitution of a 
variety of amino acids is described. Additionally, US. Patent Nos. 4,966,843, 5,376^67, 
30 5,795,779 describe IEN aJpha-61 and IFN-a^ha-76. U.S. Patent Nos .4,748,233 and 

4,695,543 describe IEN alpha gx-1, whereas U.S. Patent No. 4,975,276 describes IPN alphar 
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54. to addition, U.S. Patent Nos. 4,695,623, 4,897,471, 5,661,009, and 5,541293 all describe 
a consensus IFN alpha sequence to represent all variants known at the date of filing . While 
this list of Type I IFNs and variants thereof is in no way meant to be exhaustive, one of skill 
in the art will readily understand that the present invention encompasses IFN beta and IFN 
5 alpha molecules, derivatives, and variants known or to be discovered in the future. 

Table 8. Interferon-q Isofonns. 



a type 



la A 1 
lb V" 4 
2a 

2b 
2c 
4a 



AA characteristic 

-TTO 



K^-H 34 
A 51 -*" 4 

jSl.ylM 

ir» 



4b T"-V" 
7a M m -K 159 -G 161 
7b M m rQ ls9 -R 161 

ga V 98 -L"-C 100 -D l01 -R 161 

s 98^_ylQO_ M 101_ R 161 

S 98 -C 99 -V 100 -M 101 -D l61 A(162-166) 
S 8 -L 89 



8b 
8c 

10a o -x. 

10b T 8 -^ 9 

14a F is2^i». R i« 

14b F 152_ K 159^161 

p34^. I 161 

H^-R 161 
M* 

L* 



14c 
17a 
17b 
17c 
17d 
21a 
21b 



10 Methods of expressing IFN in recombinant cells are well known in the art, and is 

easily accomplished using techniques described in, tor example U.S. Patent No. 4,966,843, 
and in Sambrook et aL (2001, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor 
Laboratory Press, New York) and Ausubel et aL (1997, Current Protocols in Molecular 
Biology, Green & Wiley, New York). 
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Factor ¥11 lias hem domed sod sequences!, ond the nucMc acid and amino add 
sequences are presested teem as SEQ ID NO:7 md SBQ ID NO:8 (Figure 55 A and 55B, 
respectively). The present invmltion should in ^ 

VHnucleic acid and amino acid sequences set forth herein. Variants of Factor VII aae 
5 described in, for example, U.S. Paieat Nos. 4,784,950 and 5,580,560, in which lysine-38, 
lysine-32, arginine--290, axginine-341, isoleucin&42, tyrosine-278, and tyrosme-332 is 
replaced by a variety of amino adds. Faarthear, U.S. Patent Nos. 5,861,374, 6,039,944, 
5,833,982, 5,788,965, 6,183,743, 5,997,864, and 5,817,788 describe Factor VE variants that 
are not cleaved to fonn Factor VOa. ThesMlled artisan will recognize thattheblood 
10 ^aguMon pathway and the ro 
varimts, both naturaly ocoiira^ 
preset invention. 

Methods for the expression and to determine the activity of Factor VIE are well known 
in tbe art, and are described in, for example, U.S. Patent No. 4,784,950. Briefly, expression 

15 of Factor VII, or variants thereof can be accomplished in a variety of both prokaryotic and 
eukaryotic systems, McludBng E. colU CHO cells, BHK cells, insect cells using a bacrclovirus 
expression system, all of which are well known in the art 

Assays for the activity of a modified Factor VII prep aied according to flue metihods of 
the preset inviaition can be accomplished using methods well known in the ssrL As a mMr 

20 limiting example, Qaiick ^al. (Hemoinragic Disease and Thrombosis, 2nid edL, LesH Febiger, 
Philadelphia, 1966), describes a one-stage clotting assay useful for determining the biological 
activity of a Factor VH molecule prepared according to the mefcods of the present invention* 

P. Factor IX 

25 The present invention forth®* ©acompasses a method for remodeling and/or modifying 

FactorDC As descri!^ ^ve, Factor A 
defitiencyofFactorlXiinllhel^^ Treatmmtof 
this disease is usually limited to intravenous tran&sion of human plasma protein concentrates 
of Factor EL However, in addition to the practical disadvantages of time and expeese, 

30 transfusion of blood concentrates involves the risk of transmission of viral hepatitis, acquired 
immune deficiency syndrome or thromboembolic diseases to the recipient 
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While Factor IX has demonstrated itself sis an raiportant and unsefid compoiamd for 
therapeutic applications, present methods for tie production of Factor IX ftom wwmbmmt 
cells (U.S. Patent No. 4,770,999) results in a product: with a m&ssr short biological life, an 
inaccurate gjycosytation pattern that could potentially lead to immunogeniciiy, loss of 

5 function, an increased need for both larger and more frequent doses in order to achieve the 
same effect, and She like. 

The nucleic and amino acid sequences of Factor IX is set forth herein as SEQ ID 
NO:9 and SEQ ID NO:10 (Figure 56A and 56B, respectively). Hie present invention is in no 
way limited to the sequences set forth herein. Factor IX variants are wel known in the art, as 

10 described in, for example, U.S. Patent Nos. 4,770,999, 5,521,070 in which a tyrosine is 

replaced by an alanine in the first position, U.S. Patent No. 6,037,452, in which Factor XI is 
bound to an alkyieae oxide group, and U.S. Patent No. 6,046,380, in which the DNA 
encoding Factor IX is modified in at least one splice sit©. As demonstrated herein, variants of 
Factor IX are well known in the art, and the presort disclosure encompasses those variants 

15 known or to be developed or discovered in the fotae. 

Methods for determining the activity of a modified Factor IX pr^ared accoinding to 
the methods of the present invention can be earned out using the methods described above, or 
additionally, using methods well known in the art, such as a one stage activated partial 
thromboplastin time assay as described in, for example, Biggs (1972, Etanam Blood 

20 Coagulation Haeanostasis and Thrombosis (EdL 1), QsdEoxd, Blackwell, Scientific, pg. 614). 
Briefly, to assay the biological activity of a Factor IX molecule developed according to the 
methods of the present invention, the assay can be performed with equal volumes of 
activated partial thmmboplastin reagent. Factor IX deficient plasma isolated from a patient 
with tenophflia B using sterile phlebotomy techniques well known in the art, and normal 
. 25 pooled plasma as standard, or the sample. In this assay, on© mnt of activity is defined as that 
amount pEesemt in one smiMlito of normal pooled plasma. FuTtta", an assay for biological 
activity based on the ability of Factor IX to raftmce the clotting time of plasma from Factor 
XX~defident patimts to normal can be performed as described in, for example, Proctor and 
Rapaport (1961, Amor. J. Clin. Palik 36: 212). 

30 
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-' IB. FSH 

The piressrt invention tfurta inctodes a mefeod for mnodeHBg and/or modifying 
FSEL Hummieproduc&vefi^ 

glycoprotein hormones which have a common 92 amino add glycoprotdta 

5 dififeinthearhomone-sp^^ Thefimiilyinclu^ 

hormone (FSB), luteinizing hormone (LH), thyrotropin or thyroid-stimulating hormone 
(TSH), and lumm chorionic gonadotropin (hCG). Human FSH andLHase nsed 
therapeutically to ululate various aspects of metabolism pertinenft to i^srodiactioa in the 
humanfemale. Fore3amiple,FSHpartiaMypin^ 

1 0 follicular maturation in anovulatory women wish anovulatory syndrome or luteal phase 
defirieacy. I^tehiiringh^ 

development of ovarimfoffi^^ The role of FSHintheireprodi^v^ 

cycle is suifidentiy welMsnown to peamit therapeutic rase, bus difficulties have been 
encountered due, in part, to the hetero gmeity and impurity of the preparation fiom native 

15 sources. This heterogmdty is due to variations in 

FSH is a valuable tool in both in vitro fertilization and stimulation of fertilization m 
vm> 9 but as stated above, its clinical efficacy has been hamper b^ 
glycosyiationoftheprotdn. 1 Asrefome senilis a^srejnift a method fa irraiodeHng FSH 
will be of gKeaft b@aeffifc to tSha s^roductiv© ed(5ffiD5S. 

20 FSH to hem ctaft©d ami sespsoiGed, the mictec sand amino acid sespsmces of which 

are presented her^ 12, respectively (alpha sobmit) md 

SEQ u NO:13 sod SEQ ID NQ:14, respectively (beta soabuMit) (Figure 57A sand 57B, 
respectively). ThssHM 

limited to the mpm depctal Itarek, as vmsrts of FSH sore well faiown in Hh© ssl Asa 
25 non-Hsniting esasnple, U.S. Pa&snS No. 5,639,640 describes the beta sublimit comprisnng two 
diflfensot amino acid sequences andB.S. Patent No. 5,338,835 describes a beta submit 
cosnpdsing an additional amino add sequence of approsrimiffltdy tweiaSy-seven amino acids 
derived &ran the beta submit of human chorionic gonadotropin. Therefor^ the preset 
invention comprises FSH variants, both natural and engineered by the hinnm hand, al well 
30 known in the art 
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Methods to express FSH in cells, both protayotic sand edksjryotic, &r© well known in 
the art and abmidanSly dumbed in the Mteratare (U.S. Patens Nos. 4,840,8%, 4,923,805, 
5, 1 56,957). Farther, methods for evaluating the biological activity of & remodeled FSH 
molecule of the present invention are weE faiown imftieart, and are described in, for 
5 example* U.S. Patent No. 4,589, 402, in which methods for detennining the effect of FSH on 
fertility, egg production, and pregnancy rates is described in both non-human primates and 
human subjects. 

R EPO 

10 The present invention ftr^^ 

BPO. EPO is an acidic glycoprotein of approximately 34 lkDa and may occur in three nataral 
forms: alpha, beta, and asialo. The alpha rndbetoifonns differ sH^%m caibobydmfe. 
componegats bint have the same potency, biological activity and molecular weight TheasMo 
form is an alpha or b eta form with the temnnal sialic acid removed. EPO is present in very 

15 low concentrations in plasms whenthe body is in a healthy state tissues receive 

sufficient oxygenation fiom the eristing number of erythioQrtes. This normal concentration 
is enough to stimulate replacement of red Mood cells which are lost normally through aging. 
The amount of erythropoietin in the drajiatiam is increased ranter conditions of hypoxia 
when oxygen transport by blood cells m tSms dsraktaom is r©dtac©± Hypo^iimybe(^i!S©dl 

20 by less of large ^™<n>™^ of blood fifcrougjh h^oashage, desirodfion of red Mood cells by over- 
exposure to radiation, reductions in osygra iiutske due to high aMtoste oar prolonged 
unconsciousness, or vsrioBS fimms of snsma. Therefore EPO is a TOefial compoimd for 

ffq>Heifflig1hiiiing mfl Mood cells fldBhsr irsvdKgrftiitm flnmipy, m\<sml^ mid ^(^r life»%n5ffito 
ooanndB ttiflfinis. 

25 to Hg^nfi: of the hnpontianc® of EPO m aiding in the recovery fiom a variety of diseases 

and disorders, tihe present mvmtiicm is BsefM for the predactsccn of EPO wiHh amatari, and 
therefore more effective saccharide con^ponKsuL BPO, as it is currently synthesized, taclks the 
foil glycosyMon condiment, and must therefore be administered more frequently and in 
higher doses due to its short life in the body. 

30 EPO has been cloned and sequenced, and the nucleotide and amino acid setjuences are 

present herein as SEQ ID NO:15 and SEQ ED NO:16, respectively (Figure 58A aad58B, 
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respectively). Hwilbeireadilyimde^ . 
forth Ib©^ are or% Asm 
example, U.S. Patent No. 6,187,564 describes a fusion protein comprising flue amino add 
sequence of two or more EPO peptides, U.S. Patent Nos. 6,048,971 and 5,614,1 84 describe 
5 mutant EPO molecules having amino acid substitutions at positions 101, 103, 104, and 108. 
U.S. Patent No. 5,106,954 describes a truncated EPO molecule, and U.S. Mot No. 
5,888,772 describes an EPO analog wish substitutions at position 33, 139, and 166. 
Therefore, the skilled artisan will realize that the present invention encompasses EPO and 
EPO derivatives and variants as are well documented in the literate© and art as a whole. 

10 AdditionaBy, methods of exp^^ As 

exemplified in U.S. Patent Nos. 4,703,008, 5,688,679, and 6,376,218, among others, EPO can 
be expressed in prokaryotic and eukaryotic expression systems. Methods for assaying fine 
biological activity of EPO are equaHy weUkfoowninfljeart Asm example, the Krystal 
assay (Krystal, 1983, Exp. Hematol. 1 1 :649-660) can be employed to determine the activity 

15 of EPO prepared according to the methods of the present invention. Briefly, the assay 
measures the effect of erythropoietin on intact mouse spleen cells. Mice are treated with 
phenylhydrazme to stimulate production of erythropoietin-responsive red blood cell 
progenitor cells. ASbsz treatment, the spleens are removed, intact spleen cells are isolated and 
incubated with various amounts of wild-type oythropoietin or the o^fteopoie&i proteins 

20 described herein. Alter am ©veamght inooibaliion, ^-tihymidine is added and its incorporation 
into cellular DNA is measured. The amount of ^-thymidine incorporation is indicative of 
^y&r^ietsnrstimulfited production of red Mood cells via interaction of esy&rcpoietim wish 
its cellular receptor. The coBr^ntation of the <arythropoietm protein of the present invention, 
as well as the concentration of wild-type Gtyfiiiopoiietin, is quantified by competitive 

25 radioimmunoassay methods well Mown in the art Specific activities are calculated as 
intenatioml units measured in the Krystal assay divided by micrograms as measured as 
imimmoprecipitable protein by radioimmunoassay. 

Q. GM-CSF 

30 The present invention encompasses a method for the modification of GM-CSF. GM- 

CSF is well known in the art as a cytokine produced by activated T-cells, macrophages, 
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endothelial cells, and stromal fibroblasts. GM-CSF primarily acts on the lime marrow to 
increase the prodnction of inflammatory leukocytes, and further ffuectioES as anesidocnne 
homione to initiate the replenishment of neutrophils consumed during inflammatory 
functions. Further GM-CSF is a macrophage-^ 
5 differentiation of Lageriians cells into dendritic cells. like G-CSF, GM-CSF also has clinical 
applications in bone marrow replacement following chemotherapy. 

WHle G-CSF has demosistatei itself as an important and Bsefiil compomd for 
therapeutic applications, present methods for the production of G-CSF fim recombinant 
cells results in a product with a lather short biological life, an inscorate glycosylation patten 

10 that could potentially lead to immimogenicity, loss of fimctioa, an increased need for both 
larger and more frequmt doses in order to achieve the same effect, and the like. 

GM-CSF has been isolated and cloned, the nucleic acid and amino add sequences of . 
which are presented as SEQ ID NO:17 and SEQ ID NO:18, respectively (Figure 59A and 
59B, respectively). The present invention encompasses a method for modifying GM-CSF, 

1 5 particularly as it relates to the ability of GM-CSF to function as a potent and functional 

biological molecule. The skilled artisan, when equipped with the present disclosure and the 
teachings herein, will readily understand that the present invention provides compositions and 
methods for the modification of GM-CSF. 

The pxiesoit invsmticsn Anther ©nicoainpasses GM-CSF variants, as well tauown in flue 

20 art As an example, bust in no way meant to be familfag to fee pnes^sant inveaiition, a GM-CSF 
variant has been described in WO 86/06358, where the protdzn is modified Set an alternative 
quaternary stracture. Ftorthesr, U.S. Patent No. 6,287,557 describes a GM-CSF bhicMc add 
sepieaice Mgat©d Mo gmmm of a herpesvirus for geaie i&sopy applications. 
Additionally, Eurapeaza Patent Publication* No. 0288809 (correspomdiag to PCX Patent 

25 Publication No . WO 87/02060) reports a fusion protein comagjrismg DL-2 and GM«£SF. Hie 
D>2 sequence can be at d&e^theN-orC-ta GM-CSF mch that after acid 

cleavage of fee fusion protein, GM-CSF having dthesr N- or C-tramkal sequence 
modifications can be generated. Therefore, GM-CSF derivatives, mutants, and variants are 
well known in the art, and are encompassed within the methods of the present invention. 

3 0 The expression and activity of a modified GM-CSF molecule of the present invention 

can be assayed using methods well known in the art, and as described in, for example, U.S . 
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Patefc No. 4,810,643. As an erasogple, activity cam be measrodl raskg iradic-llabded 
thymidine rapt&k© assays. Briefly, hMim bee© 

density ob4 with FicoH-Hypaqu© (1 .077 . gfaol, Ph^raiacia, Piscataway, NJ) find low (tensity 
cells ere smspeaidedl in Iscove's medium (CHBCO, La Jolte, CA) containing 10% fetal bovine 
S serraL, ^utoMB© md antibiotics. About 2 X 1 0 4 tamm bone msaro w cells si© koab &£ed 
wife titter control BnediiMm or the GM-CSF or flue presen* invention in 96-wdl flat bottom 
plate a£ abomit 37° C in 5% CQj in air ffira: aboiat 2 days. Cialta^ air© ffl^ 
hows with 0.5 ^Ci/wellof ^-thymidine (New England Nuclear, Boston Ma®.) and 
is measured as described in, ifar example,, Vmtm> et aL(1983, Blood 61 :781). An increase in 
1 0 ^-fthymiidlme incxraqpoiafion into toman bone marrow cells as oomparod to bone masrow cells 
treated wifln a control compound is an indication of a active and viable GM-OF oonqmmL 

H. IPM'ggimrtiiiviiffl 

K is an object of tfh© present invention to encomia® arnethod of modifying and/or 

15 . remodeling lEN-gsmma. EPN-ganmk, otherwise fenown 

3DPN alpha and IFN bete, is ahomodirneric glycoprotein comprising two subunifls of about 21- 
24&Da. The size variation is dans So variable glycosylafion patesms, nsixally mot replicated 
when reprodnced recombiiniaMly in varioros expression systems known in the art. JDPN-gamma 
is a potent activator of macrophages, fecres&gs MHC class I molsCTl© (sxpee^ion, and to a 

20 lessee estest, a MHC dsm M. molecule stmmfetary agsnit Fiirfh^ 

cell diflfe^tiation and Ssotype switdiing inB-ceM Bf^-gamniaisafeo wefld 

a stimulator of ngafiyppMSj, MK cdfap and antibody responses leading to pbag^cyto^nedi^ed 

ciearairos. EFN-gainninna]^ 

intffec&cMii by h^jodMSm pAogtsnis, mtih as toberodosis and leMmwia, and also as an rati- 
25 pzolifealfive fflnsrspCTiliCp nsefnl in conditions with abnormal cell proliferation as a haMim^^ 

sock as varions cancers and other neoplasias. 

ITOJ-gaxrana has demonstrated potest immunological activity, but dtoe to variations in 

giycosylation fiom systems currently used to express EFN-gamma, the potency, efficacy, 

biological half-life, and other important fectara of a therapeutic have been variable at best 
30 The present invention encompasses methods to correct this crucial defect 
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The nucleotide and ammo add setpences of HFN-gsrama are presented herein as SEQ 
ID NO:19 csnid SBQ ID NO:20, respectively (Figus© 60A and 6GB, ^respectively). Swill be 
readflyimdeirstood that the sequences set forth hereto are m^ 

invention. En contrast, variants, derivatives, and mutants of IFN-gamma are well known to 
5 the skilled artisan. As an example, U.S. Patent No. 6,083,724 describes a recombinant avian 
IFN-gamma and U.S. Patent No. 5,770,191 describes CMeraninus variants of Iranian IFN- 
gamma. In addition, U.S. Patent No. 4,758,656 describes novel IFNjgmnna derivatives, and 
methods of synthesizing them in various expression systems. Therefore, the present 
invention is not limited to the sequences of IFN-gamma disclosed elsewhere herein, but 
10 encompasses all derivatives, variants, muteins, said the like well known in the mL 

Expression systems for IFN-gsmma sire equally well known in the art, and include 
f piokaryotic md eukaiyotic systems, as weU as plant 
which are known to the skilled artisan. As an example, UJS. Patent No. 4,758,656 describes a 
system for expressing IFN-gammia derivatives in B. coti, whereas U.S. Patent No. 4,889,803 
15 describes an expression system employing Chinese hamster ovary cells and an SV4Q 
promoter. 

Assays for the biological activity of a ranodeled IFN-gamma prepared according to 
the meihods disclosed herein will be weUlmowntooneofslriMkllhe^ Biological assays 
for IFN-gamma expression can be found in, for example, U.S. Patent No. 5,807,744. Briefly, 

20 IFN-gamma is added to cultures of CD34 + *CD38" ceils (100 cells pes: wel) simulate! by 
cytokine combinations to induce proliferation ofCDM^CDSS' cells, such as DL-3, c4rit 
UgandandeiteIL-l,l[I^orG^CSF. Cell proliferation, m& gmemtion of secomidary 
colony forming cells will be profoundly inhibi tod in a dose depeiMfajt way, wish linear 
complete inhibition o©OTiring at 5000 UAmmfitar of IFN-gamma. As a confirmatory test to 

25 the inhibitory efifect of IFN-gamma, addition of IFN-gflmma antibodies can be performed as a 
control 

L alpha-Pr ^tftasR inhi bitor fq-antitrvpsiril 

The present invention further includes a method for the remodeling of alpha-protease 
30 inhibitor (A-l-PI, c-l-antitrypsin or a-l-trypsin inhibitor), also known as aipha-anfitrypsin. 
A-l-PI is a glycoprotein having molecular weight of 53 kDa. A-l-PI plays a role in 
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controlling tissm destaction byejodtage&ons serine proteases, and is the most pronoimced 
serine protease inMIbitar m blood plasma. In particular, A-l-PIMiibtts wioisseksiEses " 
inchding neot^ Elastase is a proteasewhich breaks do wn tissue, and can be 

particularly problematic when its activity is imregulated in limg tissue. Thisprotease , 
5 functions by teeaMng do wn foreign proteins. However, when API is not preseast in sufficient 
cpianffiestoiregd Ih time, this 

ambalsBO© ]re$rf£s fan chromic fang fesme dmsmgo md eoaphysmia. to feet, a ge&efic 
deficiency of A-l-PI has been shown to be associated with premature development of 
piiilmonary emphysema. A-l-PI replenislhnmiefnit has been successfully used for ftreaftment of 

10 this fom of esnphysema. Panther, a deficiency of A- 1 -PI may also contribute to the 

aggravation of other diseases such as cystic fibrosis and arthritis, wh©e leukocytes move in 
to the hangs or joints to fight infection. 

Therefore, A-l-PI could conceivably be used to treat diseases where an imbalance 
between inhibitor and protease(s), especially neutrophil elasftase, is causing progression of a 

15 disease state. Antiviral activity has also been attributed to A-l-PL In light of this, it logically 
follows that the present invention is usefid fear the production of A-l -PI that is safe, effective, 
and potent in the ever changing atmosphere of the lungs. 

A-l-PI hm been domed sand seqtaeaiced, md is se£ tfforfih m SEQ ID NQ:2! andSEQID 
NQ:22 (Pignsr© 61A md 61B, respectively). As is maderstood by cae of sMll in the asrt, 

20 natural snd ragxmesnsd variaants of A-l-PI esrist, and are OTcosnpassed in the present 

kvention. As an exansple, UA Patent No. 5,723,316 describes A-l-PI derivatives having 
amino acid substiMioBS at positions 356-361 and fether comprises anN-tenmal extension 
of apptosimately three amino adds. U. S. Pateni No. 5,674,708 describes A-l-PI analogs 
wffli ssnimj acid sebstitatioias at position 358 in the primary siminrm &cM sesprasce. The 

25 skiled artisan wilreadify 

d&iratives, aMnnntants known or to be discovered. 

Methods for the expression and detemination of activity of a remodeled A-l-PI 
produced according to the methods of the present invention are well known in the art, and are 
described in, for example, U.S. Patent No. 5,674,708 and U.S. Patent No. 5,723,316. Briefly, 

30 biological activity can be determined using assays for antf chymoteypsin activity by 

measuring the inhibition of the chymotrypsin-catalyzed hydrolysis of substrate N-suc-Ala- 
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Ala-Pro-PhB-p-nitroanilido (0.1 ml of a 10 wM solution in 90% BMSO), as described in, 
for example, Beffiflar et aL (1979, AnaL Biochem 99: 316). A topical chymolrypsin assay 
contains, in 1.0 milliliters: 100 mM Tris-Cl baffler, pH 8.3, 0.005% (v/v) Triton X-100, 
bovine pancreatic chymotrypsin (18 kmmol) and A-l-PI of the present invention. Hie assay 
5 mixta® is pre~mcubaied at room temperatare for 5 miimstes, substrate (0.01 ml of a 10 nnM 
Botationm9C%DMSO)isiiddedaMiemamingc^ • 
rate of change in absorbance at 410nm cansed by the release ofp^troaniline. Measurements 
of optical absorbance are conducted at 25° C using a spectrophotometer fitted with a 
temperature controlled sample compartment. 

10 

J. Ghicoceiebrosidase 

Hie invention described herein former includes a method for the modification of 
glucocerebrosidase. Gtococerebrosid^isalysos 

me hydrolysis of the glycolipid gtacocerebroside to glucose and ceramide. Variants of 
15 ghicoceirebrosidase are sold commercially as Cerezyme™ and Ceredase™, and is an 
approved therapeutic for the treatment of Gaucher's disease. Ceredase™ is a placental 
derived form of gjncecerebrosidase with complete N-linked structures. Cerezyme' 114 is a 
lecombimanit -variant of glncocerebrosidase which is 497 amino acids in length and is 
expressed mCHQ eels. The 4 N-linked gh/cans of Cefezyme have been mcdiffled to 
20 tenmmate in the trimMsmose core. 

Glncocerehrosidase is presently prodnced in recombinant mammalian cell cultures, 
and therefore reflects foe glycosykfion patterns of foose cells, usually rodent cells such as 
Chmess hamster ovary cells or baby hamster Mdney cells, which differ drastically fiom those 
ofbranan glycosyMon patens, leading to, among other things, immunogeafchy and lack of 
25 potency. 

The nucleic acid and amino acid sequences of ghicccerehroadase are set forfo herein 
as SEQ ID NO: 23 and 24 (Figure 62A and 62B, respectively). However, as will be 
appreciated by the skilled artisan, foe sequences represented herein are prototypical 
sequences, and do not limit foe invention. In feet, variants of gtacocerebrosidase are well 
30 known, and are described in, for example, U.S. Patent 6,015,703 describes enhanced 
production of ghicocerebrosidase analogs and variants thereof Further, U.S. Patent No. 
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6,087,131 describes &e cloning sad setpmcing of yet aanoier gtaco^srdsro^das© variant 1 
is the Mention of tilfrepires«£ ifovrafion to encompass these sand otter derivatives, vm&nJs, 
^ mutants Imown or tote 

Methods for the expression of gtococerebrosidase are well known in the art using 
S standard techniques, snd are described in detail in, for example, U.S. Patent No. 6,0 15,703. 
Assays for &e biological efficacy of a gteooca^brosidase molecule prepared according to {Sue 
methods of tSrepresenfcmventian are similarly well Iknownimtlheart, and amow Gaxnchef s 
disease model for evaluation and use of a f^oceardirasid^ 
example, Marshal et aL MoL Ito. 6:179). 

10 

K, TPA 

The present invasion fur&er encompasses a method for fee remodeling of tissue-type 
activator (TPA). TPA activates plasminogen to form plasmin wMdi dissolve ffihrin, fix© 
main component of flue protein substrate of the thrombus. TPA preparations were developed 
15 as a thrombolytic agents having a very high selectivity toward the thrombus in the 

thrombolytic treatment for thrombosis which causes myocardial infarction and cerebral 
infarction. 

Farthesr, various modified TP A*s have been produced by genetic engineering for the 
purpose of obtaining Mgter affinity to fibrin and long® half-life in Mood than {Shaft of injatural 

20 TPA. The modified TP A°s produced fem prokaryotes ax© not glycosylate! umlilke the natairi 
TPA- TPA c s ar© pnotoins thaft are geniea^lly extanely difficult to solubffize in water. In 
particular, the modified TP A°s are moire difficult to solubilize in water ten natural TPA, 
TOEfrmg vary diffiradt fee pmspairation of SMidified TPA's. Modified TPA 5 s sre titas difficult to 
dissolve kwate at time o Howevter, &e modified TPA°s 

25 lhsve various advantages, swk as increased affinity for fibrin sad lounger half-life in Mood. 1 
is &e object of fine present invention to increase the solubility of modified TPA's. 

The nucleic and amino acid sequences of TPA are set forth herein as SEQ ID NQ:25 
and SEQ 3D NO:26, respectively (Figure 63 A and 63B, respectively). As described above, 
variants of TPA have been constructed and used in therapeutic applications. For example, 

30 U.S. Patent 5/770,425 described TPA variants in which some of all of the fibrin domain has 
been deleted. Further, U.S. Patent 5,736,134 describes TPA in which modifications to the 



-312- 



WO 03/0311464 PCT/OS02/32263 



smimo acid at position 276 are disclosed. Hie sidled artisan, when ©qa%^wi&&epr©sral 
disclosure and the teachings herein, will readily realize that the present invention ©ompd&es 
file TP A sequences set forth herds, as well sis those variants well known to one versed in the 
literature. 

5 The expression of TPA firom a nucleic acid sequel encoding the same is well 

known in the art, and is described, in detail, in, for example, U.S. Pateat No. 5,753,486. 
Assays for de£ennining the biological properties of a TPA molecule prepared seconding to the 
methods of the preset invention aire smitoriy well faaown in the art Briefly, a TPA 
■ molecule synthesized as disclosed elsewh@e herein can Be assayed for their ability to lys© 

10 fibrin in the presence of saturating conceaita^ accoirdimg to the method of 

CarilsenetaL (1988, AnaLBioctam. 168: 428). The m vitro clot lysis assay measures the 
■ activity of tissue^ypeactiva^ A 
mixture of thrombin and TPA is centoriffuged into a mixture of fibrinogen mad plasminogen to 
initiate clot formation and'scbsequent clot dissolution. The resultant profile of absorbance 

15 versus time is analyzed to deteoaine the assay ©adjoint Activities of the TPA variants are 
compared to a standard curve of TPA. The buffe used throughout the assay is 0.06M sodium 
phosphate, pH 7.4 containing 0.01% (v/v) TWEBN 80 and 0.01% (w/v) sodium azide. 
Human thrombin is at a concentration of sfeoint33 umite/ml. Fibrinogen (at 2.0 mgfeal 
* clotfcable proton) is chilled on wdt ice to pr©s5jpiMfs fiteon©cfei and thm gravity fflteeriL 

20 Gfajplasminogffl) is at a cQPCgntrataon of 1 mgfaiJL Theanaflj^d^^ 

at 37° C. The loader is set to dispeese 20 mcaoltes of TPA (about 500 nar^gram^miMiHter 
to about 1 5 micrograms pear milHHte) as the sample for the standard curve, or 20 mcralites 
ofvariaMTPAsatacom 

Twenty micaroKto oftoombin as the secondary j^agrt and 200 micaolites of a 50:1 (v/v)' 
25 fibrinogoi: plasminpgea mixture as flite primary ineagsB& The ^sorbmce/fcne program, is 
used with a 5 min incubation time, 340-nanomete-fflte: and 90 second interval readings. 

L. IL-2 

The presort invention further encompasses a method for the remodeling and 
30 modification of IL-2. II>2 is the main growth j&c^ 

humoral and cellular immune responses by stimulating cytotoxic CDS T cells and NK cells. 
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is therefore cr^^ H>2 
is also used in therapy ag?rinstm^^ 

i^mcMcal trials M many for^ Further, IL-2 has also been used inHIV 

infected patents where if leads to a significant increase in CD4 counts. 

5 Given {he success IL-2 has demonstrated in the management and treatment of life- 

threatening diseases such as various cancers and AIDS, it follows thafc the methods of the 
present invention would be useful for developing an IL-2 molecule that has a longer 
biological half-life, increased potency, and in general, a therapeutic profile more similar to 
wild-type IL-2 as it is synthesized secreted in the healthy human. 

10 IL-2 has been cloned and sequenced, and the nucleic add and amino acid sequences 

are presented herein as SEQ IBNO:27and SBQ ID NO:28 (Figure 64A and 64B, 
respectively). The presort invention should in no way be construed as limited to the 11^2 
nucleic acid and amino arid sequences set forth herein. Variants of IL-2 ax© described in, for 
example, US. Patent No. 6,348,193, in which the asparagine at position 88 is substituted for 

15 argmine, and in U.S. Patent No. 5,206,344, in which a polymer comprising ILr2 variants with 
various amino acid substitutions is described The present invention encompasses these IL-2 
variants and others well known in the art 

Methods for the expression and to determine the activity of IL-2 are well known in 
Ihe art, and aire described in, for example, U.S. Patent No. 5,417,970. Briefly, esprosicwa of 

20 IL-2, or variants the^eo £ can be accomplished in a variety of both prokaryotic and eukaryotic 
systems, including K coli, GEO cells, BHK cells, insect cells imsing a bacnlovirus expression 
system, all of which are well known in the art 

Assays for the activity of a modified IL-2 prepared according to flue methods of the 
present invention can proceed as follows. Peripheral blood lyimphocyttes can be separated 

25 fiom the eaythrocytes and granulocytes by ceatrifuging on a Ficofl-Hypaque (Pharmacia, 
Piscataway, NJ) gradient by the method described in, for ©sample, A. Boyum et al. (Methods 
in Enzymology, 1984, VoL 108, page 88, Academic Press, Inc.). Lymphocytes are 
subsequently washed about three times in culture medium consisted ofRPMI 1640 (Gibco- 
BRL, La Jolla, CA) plus 10% AB human senma{CTS Purpan, Toulouse, France) inactivated 

30 by heat (1 hour at 56° C),2mM sodium pyruvate, 5 mM HEPES, 4 mM I^glutamine, 1 00 
U/ml penicillin, 100 jigfail streptomycin and 025 fAg/ml amphotericin B (complete medium). 
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heavy chain molecular weight variable from 90 to 220 kBa, dreading on. glycosyMcm 
state). BisanesseatMcoilktek 

conversion of Factor X into its active fhm& (Factor Xb). Factor VM circulates mpl^^ 
monovalent complex with von Willibrand Factor (aka FVHLRP), a dimesr of a 205 0 aa 
5 peptide (See, U.S. Patent No. 6,307,032). Blood concentrations of Factor VHt below 20% of 
Bonmal caaise a bleeding disorder designated hmophilk A. Factor VM blood levels less than 
1 % result in a seme bleeding disorder, with spontaneous joint bleeding b eing ft© most 
common syropttan. 

Similar to other blood coagulation &ctors^ 
10 deal of poteiSM for the toeataeaiit of variora bleeding disorders, swh as tenopMlia A and 
hemophilia B. Due to the glycosyMon of the 

prep aration of Factor VIII from recombinant cells results in a. product that is not as effective 
as natural Factor VBQL Pusrifflcation mdhods from human plasma resimit in a cmd© 
composition that is less effective and more difficult to prepare than recombinant Factor VTDL 

15 , The current invention seeks to inaprnve tSris situation. • 

The nucleic acid and amino add sequences of Factor VH3 are presented herein as 
SEQ ID NO:29 and SEQ ID NO:30, respectively (Figure 65 A amd 65B, respectively). The 
art is rife with variants of Factor VIII, as described in, for example, U.S . Patent No. 
5,658,108, in which fine aspartic acid at position 1241 is ixplacad by a glutamic add wife tito 
1 20 accompanying bbcMc add changes as welL U.S. Patent No. 5,149,637 describes a Factor 
VIII variants comprising the C-teminal fraction, either ^ycosyistol or mgSycosyiatafl, ®nid 
UJS. Patent No. 5,661,008 describes a Factor Vffl variant composing ammo adds 1-740 
Kntedtoamm Itoefers, variants, 

derivatives, modifications and ooHKqpkKes of Factor VW ax© wel Iknown in flue art, and 

25 ^compassed in the pnsssnit invention. 
Repression system 

include prokaryotic and eukaryotic cells, as esemplified in U.S. Patent Nos. 5,633,150, 
5,804,420, and 5,422^50. 

To determine the biological activity of a Factor VIH molecuk synthesized according 
30 the methods of the present invention, the skilled artisan will recognize that She assays 

described herein for the evaluation of Factor VH and Factor IX are applicable to Factor VTDL 
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KT TTrnV-mage 

The present invention also includes a method for the remodeling and/or modification 
of urokinase. Urokinase is a serine protease which activates plasminogen to plasmin. The 

5 protein is synthesized in a variety of tissues including endothelium and kidney, and is 
excreted in trace amounts into urine. Purified urokinase exists in two active forms, a high 
molecular weight form (HUK; approximately 50 kDa) and a low molecular weight form 
(LUK; approximately 30 kDa). LUK has been shown to be derived from HUK by a 
proteolysis after lysine 135, releasing the first 135 amino acids from HUK Conventional 

10 wisdom has held that HUK or LUK must be converted to proteolytically active forms by the 
proteolytic hydrolysis of a single chain precursor, also termed prourokinase, between lysine 
158 and isoleucine 159 to generate a two-chain activated form (which continues to 
correspond to either HUK or LUK). The proteolytically active urokinase species resulting 
from this hydrolytic clip contains two amino acid chains held together by a single disulfide 

15 bond The two chains formed by the activation clip are termed the A or Ai chains (HUK or 
LUK respectively), and the B chain comprising tire protease domain of the molecule. 

Urokinase has been shown to be an effective thrombolytic agent However, since it is 
produced naturally in trace quantities the cost of the enzyme is high for an effective dosage. 
Urokinase has been produced in recombinant cell culture, and DNA encoding urokinase is 

20 known together with suitable vectors and host microorganisms. Present compositions 

comprising urokinase and methods for producing urokinase recombinantly are hampered by a 
product that has deficient glycosylation patterns, and given foe complex proteolytic cleavage 
events surrounding foe activation of urokinase, this aberrant glycosylation leads to a less 
effective and less potent product 

25 The sequence of foe nucleotides encoding foe primary amino acid chain of urokinase 

art; depicted in SEQ ID NO:33 and SEQ ID NO:34 (Figure 66A and 66B, respectively). 
Vjjiants of urokinase are well known in the art, and therefore the present invention is not 
limited to the sequences set forth herein. In fact, foe skilled artisan will readily realize that 
urokinase variants described in, for example U.S. Patent Nos. 5,219,569, 5,648,253, and 

30 4,892,826, exist as functional moieties, and are therefore encompassed in foe present 
invention. 
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DNase with'multiqple amiino add substitutions at positions 9, 14, 74, 75, and 205. The preset 
examples, aod others well Mown ia fihe srt or to be discovered in fine fotes are e^cojm^assed 
m the present invention. 

Expression systems for producing aDNase peptide are well known to the skilled 
5 artisan, and have been described in prakaryotic aM eukaryotic systems. For example, PCT 
Patent Publication No. WO 90/07572 describes these methods in considerable detail ■ 

Assays todetemineflhebiologicdac^ 
to the methods of the present invention are well known in the art Asm example, button no 
way meant to be limiting to the preset invention, an assay to determine the DNA-hydrolytic 

10 activity ofhraman DNase I is presented herein. Briefly, two different plasmid digestion 
assays are used. The first assay f sup^coiledBNA digestion assay*) measunres the 
conversion of supercoiled double-stranded plasmid DNA to relaxed ^nicked), linear, and 
degraded iSmns. Thesecond assay ("linear DNA digestion assay") measure the conversion 
of linear double-stranded plasmid DNA to degraded forms. Specifically, DNase prepared 

15 according to the methods of the present invention is added to 160 microliter of a solution 
comprising 25 micrograms per milliliter of either supercoiled plasmid DNA or EcoRI- 
digested linearized plasmid DNA in 25 mM MKFES, pH-7.1, 100 jAg/ml bovine smm 
albnmin, 1 mM MgCl^ 2.5 mM CaCfe, 150 mM Nad, and the samples aae incnbatel alt room 
toipgoSAisre. At varions tinnes, aKqrcots of the reaction mixtssnss aire insmoveril qntsndhed 

20 by the addition of 25 mM EDTA, toge&ea: with xylene cysnol, hcomaqphsml Mb®, said 
glycerol The integrity of the plasmid DNA in the quenched samples is analyzed by 
electrophoresis of fee samples on sgsmss gels. Ate dedroptoms, fihe gels mv staked 
with a solution of ^hMiim temide snad&eDNAk&e gels is vimmlzeril by rita&viofel fight 
The relative amorants of su^coiled, massed, and linear forms of plasmid DNA as© 

25 determined by scanning the gels with a tftaores&eait imager (mch as the Molecular Bysmnics 
Model 575 Ftocrlmager) and quiantitating flue amonnt of DNA in the bands of the gel tihat 
correspond to the di£feraoit forms. 

P. Insulin 

30 The invention fcr&er includes a method for remodeling fasiilm. Insulin is well 

known as the most effective treatment for type I diabetes, in which the beta islet cells of the 
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pancreas do iirotprodii^insu^ IfceramiEcations 
of diabetes mid iracontrolled blood glucose mcW© tinaalatary and foot problems, m& 
blindness, mot to mention a variety of other complications that either result ftom or are 
exacerbated by diabetes. 
5 Prior to flie cloning and sequencing of hiim^ insulin, porcine insult 

treatment for diabetes. IhsulM is mow product 

sequence of the mature molecule is a complex stracture comprising multiple sulfide bonds. 
Oxmsxi methods to recoinbinantly produce insulin result in a product that lacks shnflarity to 
the native protein as produced k healthy non^abetic subjects. Hie present invention seeks 

10 to repair this flaw. 

He nucleotide ami amino add sequ^ice of human insulin is portrayed in SEQ ID 
NO:43 and SEQ ID) NO:44, respectively (Figure 68A and 68B, respectively). Variants of ' 
insulmareabundmttthrou^out&eart U.S. Patent No. 6,337,194 describes insulin fosion 
protein analogs, U.S. Patent Mo. 6323,311 describes insulin derivatives conqmsing a cyclic 

15 anhydride of adicaiboxyMc acid, and U.S. Patent No. 6,251,856 desc^ 

derivative comprising multiple amino acid substitutions and a lipophilic group. Hie skilled 
artisan will recognize that the following examples of insulin derivatives are in no way 
exhaustive, but simply mqpressat a small sample of those well hsowM in flue asl Therefore^ 
&e preset inveatioia ©mprises imufim (feivatives tatowm or to tes disc© vsmL 

20 Expression system for ti^prodi^ 

accomplished using molecular biology techniques as described in, for example, Sambrook et 
al(1989,Molecute . 
NewYcafe). 

Assays to deteanimie the fisnctionality of m insulin molecule prepared accojcdiiflig to the 
25 methods of the present invention are similarly well toown in the art Fmesmsspl^mm vim 
model of gjucose dqponession can be used to evaluate the biological activity of insulin 
synthesized using the meaodsoftiiepr^ent invention. Useful for this pinpose is a rat 
modeL The animals are fested ovemigjit (1 6 hours) prior to the experiment, and thea 
anesthetized with intraperitoneally administered sodium pentobarbital or another suitable 
30 anesthetic such as ketamme. Each animal receives an i.v. injection (tail vein) of the particular 
insulin derivative (20 ^g/ml/kg). Blood samples are taken ftom the jugular vein 15 and 5 
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skill in 1!he est, mil is described in, for eraxnple, U.S. Patent No. 5,851,823. Assays Set the 
knmunogemtity of a vaccine are well known in the art, and comprise various tests for flue 
production of neutralizing antibodies, and employ techniques such as ELBA, neutralization 
5 assays, Western Mots, inimunoprecipitation, and the like. Briefly, a sandwich EOS A forthe 
detection of effective anti-BBsAg antibodies is described. The Eiizygmost HBsAg assay 
(Aventis Behring, King of Prussia, PA) is used for such methods. Wells are coated with aonti- 
HBs. Sensm plasma oir purified protein and appropriate controls are added to &e wells 
incubated. After washing, perosidase-labeled antibodies to HBsAg are reacted with the 

10 i nsmfldhnirnig antigenic de temmante . Hie unbound enzyme-linked antibodies are removed by 
washing and the enzyme activity on the sold phase is determined by methods well known in 
tiheart The enzymaticaDy catalyzed reaction of hydrogm p<^ride aM chroniogm is 
stopped by adding diluted sulfuric acid Th© color intensity is proportional totheHBsAg 
concentration of the sample and is obtained by photometric comparison of the color intensity 

15 of the unknown samples with the color intensities of die accompanying negative and positive 
control sera. 

Tg. FTrnnm firowfe Horniora 

The present invention iEboi^h^: (smcoazqpasses aimi^liod i^r iSbL® irtsnotjodellmg olflboiinQmsQa 
20 growth temone PQHQ). Hie isofozm of HGH which is secreted inthefarom pituitary, 
consists of 191 amino acids and has a molec«illarwd^ of about 21^00. Theisofimnof 
HGH which is made in the plsncenta is a glycosylated fbmL HGH participates in modi of 
the msgulalfion of normal fonmm gjnD>w& ssnd deveScpmsot, including linear growth 
(soraatogeaesis), lactafas, activation of inmaciophages, ssid insulin-like and diabetogenic 
25 effects, among others. 

HQS is a oomqpteK hormone^ and its effects are varied as a result of interactions wiflh 
various cellular receptors. While compositions comprising HGH have been used in the 
clinical setting, especially to treat dwarfism, the efficacy is limited by the glycosyiation 
structure of HOT produced recombinantly. 
30 The nucleic and amino acid sequence of HGH are set forth elsewhere herein as SEQ 

ID NO:47 and SEQ ID NO:48 (Figure 70A and 70B, respectively). THie skilled artisan will 
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recognize to variants, derivative, and mutants of HGH are wdl baowB. Examples can be 
found m U.S. Patent No. 6,143,523 where amino sod residues at positions 10, 14, 18, 21, 
167, 171, 174, 176 and 179 are substituted, sad in U.S. PateaitNo. 5,962,411 describes splice 
variants off HGHL The present invention enrompasses these HGH variants known in the art of 
5 to be disco ve?edL 

Methods for the expression of HGH in recombinant cells is described in, for example, 
U.S. Patent No. 5,795,745. Methods for expression of HGH in, Mm alia, prokaryotes, 
eukaryotes, insect cell systans, plants, and w vitro translation systems are well known in the 
art. 

10 ' An HGH molecule produced 

assayed for activity using a v^ For example, 

U.S. Patent 5,734,024 describes a method to determine tine biological functionality of an 
expressed HGH. 

15 S. Antibodies 

Hie present invention further comprises a method for the remodeling of various 
chimeric antibody preparations, including, chimeric TNER, chimeric anti-glycoprotein 
Hb/Ma, chimeric smifi-HER2, chimeric mti-RS V, chimeric anti-CO20, and chimmc mfi- 
TOF. Cfohneic antibody preparations comprise a Itorom Fc ponton from an IgG antibody 

20 and the variable regions &om a monoclonal antibody specific for an antigea. Oflte 

preparations comprise a receptor, for example the 75 KB® TNF receptor, fused to ataman 
IgG Fc portion. These molecules further include Feb fiagnECTts comprising light and heavy 
daffl]£fkmta A cMmeric TOFR m vmsM m fth(a finsstotgnit: of m^Minnnn) A ty 

diseases, mdh as rihramatoid arthritis. Chimeric ainM^y©cpotdn Ilb^IaisiaseMiBtlhe 

25 treatment of cardiac abnormalities, blood clotting, end pMeM taction disttabaimDss. A 

chimeric anti-HER2 is useful as a treatment for breast cancer, chimeric anti-RSV is useful for 
the treatment of respiratory syncytial vi^ 

Non-Hodglrin's lymphoma, and chimeric anti-TNF is used for treatment of Crohn's disease. 
While these dnimeric antibodies have proved useful in the management of varied 
30 diseases, administration has to be fairly frequent and at Mdy high doses due to the relatively 
short half-life of a recombinant protein produced in rodent cells. While a majority of the 
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<ttnedb antibody is to 

degmdedl mid destoyed «fce to noH-mtive glycosylation pafero. The pmesCTt invasion 
proposes to repair this problem, greatly Increasing the efficacy of fees© novel medicines. 
Antibodies and Mefoods of their Generation 
5 Hie tern "antibody," as used herein, refers to an inmmoglobBlin molecule which is , 

able to specifically biod to a specific epitope on m antigen. Antibodies can be intact 
immusmgJobBlins drnvedfeommtoM^m^ or &om recombinant sources and can be 
immunooreactive porti^ Antibodies ^t^icallytetameirs of 

immunoglobtidin molecules- The antibodies in the present invention may erist in a variety of 
- 10 forms including, for example, polyclonal antibodies, monoclonal antibodies, Fv, Fab and 
F(ab)z» as well as single chain antibodies and Immanized antibodies (Hariow ^ al^ 1999, 
Using Antibodies: A Laboratory Manual, Gold 

et aL, 1989, Antibodies: A Laboratory Mammal, Cold Spring Harbor, New Yost; Houston et 
aL, 1988, Proc. Nail Acaf Sci USA 85:5879-5883; Bird et aL, 1988, Science 242:423-426). 

15 By the tern "synthetic antibody 9 as used herein, is meant an antibody which is 

generated using recombinant DNA technology, such as, for example, an antibody expressed 
by a bacteriophage as described herein. The tenn should also be construed to mean an 
antibody which has been generated by the synthesis of a DNA molecule encoding the 
antibody ssnd'wMdn DNA molecule expresses an antibody peptide, or an exmedq add mpsnce 

20 specifying 4he antibody, wtanein the DNA or amino acid sequence has b©m obtained romg 
synthetic DNA or amino acid sequence technology which is available and well known in the 
art 

Monoclonal antibodies directed against full l@ag8h or peptide fragments of a peptide 
or peptide may be prqiwed using any well Imown monocllonal antibody preparation 
25 procedures, such as those described, fer example, in Harlow et aL (1988, In: Antibodies, A 
Ubontoiy et aL (1988, Blood, 72:109- 

115). Quantities of the desired peptide may also foe synthesis 

technology. Alternatively, DNA encoding the desired peptide may be cloned and expressed 
from an appropriate promoter sequence in cells smtable fer the gen^^on of large quantities 
30 ofpeptide. Monoclonal antibodies directed against the peptide are generated fo>m mice 
immunized with the peptide using standard procedures as referenced herein. 
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Nucleic acid encoding the monoclonal antibody obtained using the procedures 
described hea^itm may be cloned and sequenced using tadhnolo gy which is available m the art, 
and is describe^ for example, in 12(3,4):125- 
168) and the references cited theran. Ftoher, the antibody of the invention may be 
5 "humanized" using fee technology described in Wrig^eiaL, (^ro) aM in the references 
cited therein, and in Ga et aL (1997, Thrombosis and Hemiatocyst 77(4):755-759). 

To generate a phage antibody library, a cDNA library is first obtained from nnRNA 
which is isolated fiom cells, e.g., the hybridoma, which espress the desired peptide to be 
expressed on the phage surface, e.g., the desired antibody. cBNA copies ofUhemRNA are 

10 produced using mevearse transcriptase. cONA which specifies immmoglobnlin fragments as© 
obtained by PGR and the resulting DNA is cloned into a suitable bacteriophage vector to 
generate a bacteriophage DNA library comprising DNA specifying immunoglobulin genes. 
The procedures for maiding a bactaiophage library comprising heterologous DNA axe well 
known in the art and are described, for example, in Sambxook and Russell (2001, Molecular 

15 -Cloning: A Laboratory Manual, Cold Spring Haabor, NY). 

Bacteriophage which encode the desired antibody, may be engineered such that the 
peptide is displayed on the surface thereof in such a manner that it is available for binding to 
its corresponding binding peptide, ©.jg., the antigen against which the antibody is directed. 
Thus, when bacteriophage which express a specific antibody are incubated in the presence of 

20 a cell which expresses the coriresponding antigra, the bacteriophage will bind to the cell 
Bacteriophage which do not express the antibody will not bind to the cell Suchpasming 
techniques are well known in the art and are described for example, in Wright et aL , (supra) . 

IFtoossses such as those described above, hsv© besm developed for the pinaduction of 
human antibodies using M13 bacteriophage di^lay (IBmtan et aL, 1994, Adv. ImmunoL 

25 57:191-280). Essentially, a cDNA Mhrary is generated fiom mRNA obtained from a 

popuMonofantibodyiprod^ The mRNA eaaccdes irearranged immmoglobiniKn 

genes and thus, the cBNAmcodes the same. Amplified cDNA is cloned into MB 
expression vectors creating a library of phage which express human antibody fragments on 
their surface. Phage which display the antibody of interest aire selected by antigen binding 

30 md are propagated in bacteria to produce soluble human imnmmoglobiilnL Thus, in contrast 
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to conventional monoclonal antibody synthesis, Ms proceritanre immortalizes DNA encoding 
tamm immunoglobulin rather th&n cells which express tarran immmoglobiaBa. 
Rjemodeling glvcans of antibody molecules 
The specific glycosyiation of one class of peptides, namely immunoglobulins, has & 
5 particularly important effect on the biological activity of these peptides. The invention should 
not be construed to be limited solely to immunoglobulins of the IgG class, but should also be 
construed to include imnnmoglobulins of the IgA, IgB and IgM classes of antibodies. 

Further, the invention should not be consteued to be limited solely to any type of 
traditional antibody structure. Rather, the invention should be construed to include all types 
10 of antibody molecules, including for example, fragments of antibodies, chimeric antibodies, 
human antibodies, humanized antibodies, eftc 

A typical immunoglobulin molecule comprises an. effector portion and an antigen 
binding portion. For a review of immunoglobulins, see BMow et aL, 1988, Antibodies: A 
Laboratory Manual, Cold Spring Haxfeor, New Yot&, and Harlow et al., 1999, Using 
15 Antibodies: A Laboratory Manual, Cold Spring Haxbor Laboratory Press, NY. Hie effector 
portion of the immunoglobulin molecule resides in the Fc portion of the molecule and is 
responsible in part for efficient binding of the immamo globulin to its cognate cellular 
receptor. Improper {^yco^ 

dosroain of the Fc portion of the molecule, affects the biological activity of the 

20 immunoglobulin 

More specifically wi& sespectto the immunoglobulin IgG, IgG effector function is 
governed in large part by whether or not the IgG contains an N-ac^gtacosamine (QcNAc) 
inesndmue alteAsd at tlhe 4-Q position of the branched rmasmose of tflhe Ibrmsroosyl core of the 
N-glycm at Asparagin© (Am) 297 m fc CH2 Amain of the IgG molecule. This radto is 

25 known as a "bisecting GlcNAc." The purpose of addling bisecting GfcNAc to the N-glycan 
chains of a natural or recombinant IgG molecule or a IgG-Fc-contasning chimeric construct is 
to optimize Fc immune effector ftaction of the Fc portion of the molecule. Sucheffector 
functions may include antibody-dependent cellular cytotoxicity <ADCQ and any other 
biological effects that require efficient binding to FcyR receptors, and binding to the C 1 

30 component of complement The importance of bisecting GlcNAc for achieving maximum 
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effector function oflgG molecules has been described (liMy ©t aL, 1995, 
Glycobiology 5 (8): 813-822; Jeffiis eft aL, 1990, Biochsm. J. 268 (3): 529-537). 

The glycans foimd at the N-glycosyiation site at Am 297 in flhe CH2 doimiam of IgG 
molecdes have been stracti^^ circulating in hwnm 

5 and animal blood plasma, IgG produced by myeloma celk, faybridc^^ 

tmisffected immortalized nm^ la all esses flue N-glycan is either 

a high nnanuo se chain or si complete ( Msw3 9 GlcNAc4, Gal2, NotAc2, Fuel) or variably 
incomplete bimtennary^ . 
Glycobiology 10 (5): 477-486; Jeffiis et aL, 1998, ImmimologacaL Rev. 163L59-76; Lerouge 
10 et aL, 1998, Plant M6L BioL 38: 31-48; James et aL, 1995, Bioteckaology 13: 592-596). 

The present invention provides ana m vitro customized glycosylate! inmnMoglobnlin 
molecule. The immrmoglobiriin molecule n^ 

brat not limited to, a monoclonal antibody, a synthetic antibody, a chimeric antibody, a 
humanized antibody, and the like. Specific methods of generating antibody molecules and 

15 Jheir characterization are disclosed elsewitee herein. Preferably, the immimogjobidin is 
IgG, and moire preferably, the IgG is a humanized or human IgG, most preferably, IgGl . 

The present invention specifically contemplates using pi,4-m^mosyl-glycopeptide 
pl,4-N-€ice(^ GmT-ffl: BC2.4.L144 as an m vi&o reagsnt to 

gjyoosadicaly link N-ao^^hacosamme (GlcNAc) onto fee 4-0 po&Mon off in© bmndiied 

20 maanos© of the trimamosjdl cots of Hhe N-glycan at Am 297 in fin© GH2 domain of an IgG 
molecule. However, as wfflbe appireciatod ifemt^ disclosmeprnvidedh^ein, the invmtion 
should not be constraed to solely incited© flhe nose of this enzyme to provide a bisecting ' 
GlcMAotomimmfimo^ Rofli^ifelw 

modulate the glyeosylation pattern of an antibody motomle soch Aunt in© anybody molecde • 
25 has enhanced biological activity, Le., effector fimction, in addition to potential enhancement 
• of ©thsr piroperties, ©.g., stability, mil the Mk©. 

There is provided in the prtssmt invention a general method for removing fucose 
molecules fioni the Asn(297) N-linked glycan for the purpose of enhancing binding to Fc~ 
^nmiaRniA, and chanced antibody Shields etaL, 

30 2002, J. BioL Chem. 277:26733-26740). The method entails contacting the antibody 
molecule with a fiicosidase appropriate for the linkage of the fucose molecule(s) on the 
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aniibodly glycaa(s). Alternately, flue irecombmmt mtitedy cm b© opresssd in cells taft do 
express fbcosyfa^erases, such as fine Lecl3 vari<sot of CHO cells. The removal of fincose 
from t&e giycan(s) of the antibody can be done alone, orm conjradiom with ota mefiiods to 
remodel iBhe glycams, such as adding a bisecting GlcNAc. Bspressionoff asiibodies in cells 
5 lacking GmT-I may also result in Fc glycans lacking core fucose, which canbe fteher 
modified toy the pires^it mv^iMoirL 
Itee is provide in 

bisecting GlcNAc for the purpose of qnfamcing Fc imnmne effector fraction in any , 
preparation oflgG molecules containing N-linked oligosaccharides in the CH2 domain, 

10 typically at Am 297. Hi© me&i®& mqwies fflmfc the population of IgG molecules is brought to 
a state off ^ycosylafcionsii^thM Thisis 
accomplished in any one of three ways: 1) by selection or genetic manqpnlation of a host 
expression system tafc serarefces Ig^ 2) 
by treatment of a population of IgG glycofbrms with exoglycosidases such that the glycsn 

15 ■ structures) remaining after exoglycosidase treatment is an acceptor for GnT-IH; 3) some 
combination of host selection and exoglycosidase treatment as in 1) and 2) above phis 
successive additions of GlcNAc by GnT-I and GaT-H to create an acceptor for GnT-HL 

For example^ IgG obtained fiom chicken plasma contains primarily high mannose 
chains ami wonald rap&r© digestion wMh 023© oar wm<d ©^nniaiimosidEses to- create a substrate for 

20 addition of GlcNAc to tSue ©13 Manner branch of the trimannosyl con© by GnT-L TMs 
substrate could be the elemental trimmnosyi core, Man3GlcNAc2. Treatment of this core 
structure sequmttially with OnT-I followed by GnT-ffl followed by GnT-EH using UBP- 
- GlcNAc as a sEgsur dneoir wobM c^eat© MssaSGlcNAcS as shown, in FigoK\3 2. Optionally, this 
stracto© cam thesm b© extadbd by tastaeast with JJ 1 ,4 galscto sytansffa^se. If rapired, fc 

25 galactosylated oligosaccharide canbe further extend 

to achieve a completed bianteamary structure. Using ins method biaatamary gjycan chains 
can be ranodeled as required for the optimal Fc immunfe effector function of any thes^eutic 
IgG imder development (Figure 4). 

Alternatively, IgG molecules found in the plasma of most animals or IgG which is 

30 sealed as a recombinant product by most animal cells or by transgenic animals typically 
include a spectrum of biantennary glycofbrms including complete (NeuAc2, Gal2, GlcNAc4, 
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Man3, Wml) (Figure 4) and variably incomplete foraas, with or without bisecting GlcNAc 
(Rajn ©t aL, 2000, Glycobiology 10 (5): 477-486; Jeffiis et aL, 1998, Immmmlogacsl Rev. 
163:59-76). To ensure that bisectmg GlcNAc is present fa the entiine popidafion of 
inmnmoglobuilia molecules so produced, the mixta© of molecules can be treated with the 

S following exoglycosidases, successively or m a mixture: neuraminidase, p-galactosidase, p- 
glocosammidase, Grfiicosidase. Tlbe resisting tr^ 
glycosyitansferases as noted above. 

fa addition, IgG secreted by transgenic animals or stored as ^lantibodies" by 
transgenic plants have been characterized. An IgG molecuale produced m a toansge&ic plant 

10 having N-glycasns that contain pi,2 linked xylose and/or ©13 linked fucose can be tested 
with exoglycosidases to remove those residues, m addition to the above described 
exoglycosidases in order to create the trimannosyi goto or aMan3GlcNAc4 stractae, and are 
then treated with glycosyltraaisferases to remodel the N-gjlycm as described above. 

The primary novel aspect of the current invention is the application of appropriate 

15 glycosyltransferases, with or without prior exoglycosidase treatment, applied in the correct 
sequence to optimize the effector function of the antibody, fa one exemplary embodiment, a 
bisectin g GlcNAc is introduced into the glycans of IgG molecules or or other IgG-Fc- 
- chimeric constructs where bisecting GlcNAc is required, fa another exemplary embodixnmt, 
the coze focose is removed ffiram tBke glycms of IgG molecules or other IgG-Fc-dikDi(sic 

20 constructs. 

TNF rareptor-IgGFc fusion iprotem 

TThe nucleotide and amino acid sequences of the 75 KDa human TTNF receptor sore sdt 
&dh hsmn as SEQ ID N03 1 md SEQ ID NO:32, respectively (Figure 71 A and 71B, 
respectively). The anmo acid mpsaces of t&s MgSto and heavy variable regions of u&msric 

25 anti-ID^ are set fixfh as SIQ % 
72B, respectively). Hie amino acid sorpeaces of Hhe light md heavy variable regions of 
chimeric anti-RSV are set forth as, and SEQ ID NO:38 and SEQ ID NO:37, respectively 
figure 73A and 73B, respectively). The amino acid sequences of the non-human variable 
regions of anfi-TNF are set forth herein as SEQ ID NO:41 and SEQ ID NO:42, respectively 

30 (Figure 74A and 74B, respectively). The nucleotide and amino acid sequence of the Fc 
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portion of human IgG is sd: forth as SEQ ID NO:49 and SBQ ID NO:50 (Figure 75A and 
75B, respectively). 

MAb anti-glycoprotein Hb/CIIa 

The amino acid sequences of a murine anti-glyccprotein Ub/ESsi antibody variable 
5 regions are set forth in SEQ ID NO:52 (murine mature variable light chain, Figure 76) and 
SBQ ID NO: 54 (murine mature variable heavy chain, Figure 77). These murine sequences 
can be combined with human IgG amino add sequences SBQ ID NO: 51 (humm mature 
1 variable light chain, Figure 78), SEQ ID NO: 53 (human mature variable heavy chain, Figure 
79), SBQ IB NO: 55 (human light chain, Figure 80) and SBQ ID NO: 56 (human heavy 

10 chain, Figure 81) according to the proceedings found in U.S. Patent No. 5,777,085 to create a 
chimeric humanized murine anti^ycopretemllb/nia antibody. Other anti-gfycoprotein 
Hb/Ma humanized antibodies are found in U.S. Patent No. 5,877,006. A cell line expressing 
Hhe anti-glycoprotein nb/Ma MAb 7B3 can be commercially obtained fin the ATCC 
(Manassas, VA) as accession no. HB-8832. 

15 . MAbanti-GD20 

The nucleic add and amino acid sequences of a chimeric anti-GD20 antibody are set 
forth in SEQ ID NO: 59 (nucleic add sequence of murine variable region light chain, Figure 
82A), SEQ ID NO: 60 (amino add sequence of murine variable region light chain, Figure 
82B), SEQ ID NO: 61 (nucMc add sequence of mnrine variable region heavy chain, Figure 

20 83 A) and SEQ ID NO: 62 (amino add sequence of murine variable region heavy chain, 

Figure 83B). In order to humanize a murine antibody, the TCAB 8 (SEQ ID NO: 57, Figure 
84A - 84E), which contains the human IgG heavy and light constant domains, may be 
convenioillyused. By cloning the above murine variable regice encoding DNA into the 
TCAE 8 vector acoorfing to instructions given in U.S. Fated No. 5,736,137, a vector is 

25 created (SEQ ID NO: 58, Figure 85A-85E) which when transformed into a msmmuMmn cell 
line, expresses a chimeric anti-CB2Q antibody. Otto* himarizd amd-CD20 antibodies are 
found in U.S. Patent No. 6,120,767. A cell line expressing Hhe anti<3D20 MAb C273 can be 
commercially obtained fiom the ATCC (Manassas, VA) as accession no. HB-9303. 

The skilled artisan will readily appreciate that the sequences set forth herein are not 

30 exhaustive, but are rather examples of the variable regions, receptors, and other binding 
moieties of chimeric antibodies. Further, methods to construct chimeric or "humanized" 
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antibodies are well known m the art, and are described in, for example, U.S. Patent No. 
6329,51 1 md U.S. Patent No, 6,210,671. Goiopled with the present disclosure amid mdhods 
well known throughout the art, flue skilled artisan will recognize that: the present invention is 
not Bsnited to the sequences disclosed teem. 
5 The expression of a chimeric antibody is well known in the art, and is described in 

detail in, for example, U.S. Patent No. 6,329,51 1. Expression systems can be prokasyottic, 
eokaryotic, and the like. Ptarttiear, the expression of chimeric antibodies in insect ceffls using a 
bacmlovinES expression system is described in Putlitz et aL (1990, Bio/Technology 8:651- - 
654). Additionally, me&ods of expressing a nucleic acid encoding a fusion or chimeric 
10 protein acre well known in the art, and axe described in, for example, SamfcrooketaL (2001, 
Molecular Qoning: A Lab^ . 
and Ausubel et aL (1997, Gnraiifc Protocols k 
York). 

IM^rmining the function and biological activity of a chimeric antibody produced 
15 according to the methods of the present invention is a similarly basic operation for one of 
skill in the ait Methods for determining the affinity of an antibody by competition assays wro 
detailed iaBerzofcky (J. A. Beszofiky and L J. Beakower, 1984, MFHmdamental 
tanmology (ed. W. R Pari), Raven Pmess (New Yoxk), 595). Briefly, the affinity of fee 
chimerib antiibb^ 
20 isjsmg a mSio-iodinaSed monoclonal antibody. 

W. Pharmaceutical Comnosfeions 

Ib aB&th^r aspect, th© inv&Btion provide & phasmace&Htical composition. The 
plmmscoiitirf cmBspsmikm incltodes apJmmnsiceuticallly acceptable diflkarafc and a covatest 
25 conjuagate between a nojMiatarafl^^ water-soluble polymer, therapeutic moiety or 

Momol©OTle and a glycosylated or non-gEysosylated peptide. The polymer, therapeutic 
moiety or HomoJecule is conjugated to the peptide via an intact glycosyi ImMng group 
interposed between and covalently linked to both the peptide and the polymer, therapeutic 
moiety or biomolecule. 

30 Pharmaceutical compositions of the invention are suitable for use in a variety of drug 

delivery systems. Suitable formulations for mse in the present invention are found in 
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Remington's Pharmaceutical Sciences, Mace Publishing Company, PMladelphia, PA, ITfli 
ed. (1985). For a brief review of me&ods for drug delivery, see, Langer, Science 249:1527- 
1533 (1990). 

The pharmaceutical compositions may be formulated for any appropriate manner of 

5 administration, including for example, topical, oral, nasal, intravenous, intracranial, 

intrapreitoneal, subcutaneous or intramuscular administration. For parenteral administration, 
such as subcutaneous injection, the carrier prefer^ly comprises wa^ 
waxorabufifer. For oral administration, any of the above carriers or a solid cam®:, such as 
mannitol, lactose, starch, magnesium stearate, sodium saccharine, talcum, cellulose, glucose, 

10 sucrose, and magnesium carbonate, may be ©cployed. Biodegradable microsphraes {&g., 
polylactate polyglycolafce) may also be employed as carriers for the pharmaceutical 
compositions of this invention. Suitable biodegradable microspheres are disclosed, for 
example, in U.S. Patent Nos. 4,897,268 and 5,075,109. 

Commonly, the pharmaceutical compositions are administered parenterally, e g., 

15 intravenously. Thus, the invention provides compositions for parenteral administration which 
comprise the compound dissolved or suspended in an acceptable carrier, preferably an 
aqueous carrier, e.g. 9 water, buififered water, saline, PBS and the like. Hie compositions may 
contain pha rmac eutical^ acceptable auxiliary substances as required to approximate 
physiological conditions, such as pH adjusting and buffering agents, tonicity ad^usting.agmis, 

20 weftting agents, detogaite sod She like. 

These compositions may be sterilized by conventional sterilization techniques, or may 
be sterile filtered. The resulting aqueous solutions may be pac3kagedforuseasis,or 
lycpMKzed, the lyopMBzed preparation being combined with a sterile aqueous carrier prior to 
administration. The pH of the preparations^^ 

25 preferably from 5 to 9 and most preferably from 7 and 8. 

In some embodimiOTts the peptides of the invention cam be incorporated into 
liposomes formed from standard vesicle^foxming lipids. A variety of methods are available 
for preparing liposomes, as described in, e.g. 9 Szoka et al 9 Arm. Rev. Biophys. Bioeng. 9>: 467 
(1980), U.S. Pat Nos. 4,235,871, 4,501,728 and 4,837,028. The targeting of liposomes using 

30 a variety of targeting agents (e.g. 9 the sialyl galactosides of the invention) is well known in 
the art {see, e.g. 9 U.S. Patent Nos. 4,957,773 and 4,603,044). 
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Standard mefeods for coupling ta^ Xaese 
methods generally involve incorporation into %osomes of lipid components, such as 
pho^hatidyle feamlamime , which can be activated tor attachment of targeting agents, or 
derivatized KpopMic compounds, such as %id-derivatazed peptides of the invention. 
5 Targeting mechanisms generally require that the targeting agents be positioned on the 

surface of fee liposome in such a manner that the target moieties are available for interaction 
with fee target, for example, a cell surfece receptor. The carbohydrates of the invention may 
be attached to a lipid molecule before the liposome is formed using methods known to those 
of skill in the art {eg., alleviation or acylation of a hydroxy! group present on fee 

10 carbohydrate with a long chain alkyl halide or with a fetty acid, respectively). Alternatively, 
the liposome may be fashioned in such a way feat a connector portion is first incorporated 
into the membrane at the time of forming the membrane. The connector portion must have a 
lipophilic portion, which is firmly embedded and anchored in fee membrane. 1 must also 
have a reactive portion, which is chemically available on fee aqueous surfece of the liposome. 

15 The reactive portion is selected so feat it will be chemically suitable to form a stable chemical 
bond wife fee targeting agent or carbohydrate, which is added later. In some cases it is 
possible to attach fee target agent to fee connector molecule directly, but in most instances it 
is more suitable to use a third molecule to act as a chemical bridge, thus linking fee connector 
molecule wMch is m fee membrane wife fee targ^ 

20 three dimensionally, off of fee vesicle surfece. The dosage ranges for fee administration of 
fee peptides of fee invention are those large enough to produce the desired effect in which fee 
symptoms of fee' 

be so large as to cause adverse side effects. GeneraMy, fee dosage wffl vary wife fee ag^ 
condition, sex and extent of fee disease in fee animal and cam be (teteonme^ 
25 fee art. The dosage can be adjusted by fee infevidualphysidminfeeeventofany 
counterindications. 

Additional pharmaceutical methods may be employed to control fee duration of 
action. Controlled release preparations may be achieved by fee use of polymers to conjugate, 
complex or adsorb fee peptide. The controlled delivery maybe exercised by selecting 
30 appropriate macromolecules (for example, polyesters, polyamino carboxymefeylcellulose, 
and protamine sulfate) and the concentration of macromolecules as well as fee methods of 
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incmporation in order to control Mease. Another possible method to control tine duration of 
action by controlled release preparations is to incosporate the peptide into paroles of a 
polymeric material such as polyesters, polyamino acids, hydrogels, poly (lactic sod) or 
ethylene vinylacetate copolymers. 
5 In order to protect peptides from binding with plasma proteins, it is preferred that the 

peptides be entrapped in microcapsules prepared, for example^ by coacervation techniques or 
by inierfacial polymerization, for example, hydroxymethylcellulose or gelatin-mcrocapsules 
and poly (methymethaaylate) microcapsules, respectively, or in colloidal drug delivery 
systems, for example, liposomes, albumin microspheres, microemuMons, nanoparticles, and 

10 nanecapsuies or in macroemulsions. Such teachings are disclosed in Remington's 
Pharmaceutical Sciences (16th Ed, A. Oslo, edL, Mack, Eastan, Pa., 1980). 

The peptides of the invention are well suited for rose in targetable drug delivesy 
systems such as synthetic or natural polymers in tine form ofm&croinolecular completes, 
nanocapsules, microspheres, or beads, and lipid-based systems including oil-in-water 

15 emulsions, micelles, mixed micelles, liposomes, and resealed erythrocytes. These systems 
are known collectively as colloidal drug delivery systems. Typically, such colloidal particles 
containing the dispersed peptides are about 50 nm-2 jam in diameter. TThe size of the colloidal 
' particles allows them to be administered intravenously such as by inj ection, or as an aerosoL 
Materials used in the preparation of colloidal system are typically steriMzable via filter 

20 sterilisation, nontoxic, and biodegradable, for example albumin, e&yfcelMose, casern, 

gelatin, lecithin, ptospholipids, and soybean oil. Polymeric colloidal systems are prepared by 
a process similar to the coacarvation of micmmcapsulation. 

to an exemplary embodimrat, the peptides are components of a liposome, used as a 
targeted deKvery systen. When phospholipids are gently dispensed in aqueous media, they 

25 swell, hydrate, and spontaneously form multilamellar concentric bilayer vesicles with layers 
ofaqueous media separating the lipidbilaysr. Subsystems are usualy referred to as 
multilamellar liposome or multilamellar vesicles (MLVs) and have diameters ranging from 
about 100 nm to about 4 jun. When MLVs are sonicated, small unilamellar vesicles (SUVS) 
with diameters in the range of from about 20 to about 50 nm are formed, which contain an 

30 aqueous solution in the core of the SUV. 
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Examples of lipids useful in liposome production include phosphatidyl compounds, 
such as phosphatidylglycerol, phosphatidylcholine, phosphatidyiserine, and 
phosphatidylethanolamine. Particularly useful are diacylphosphatidyiglycerols, where the 
lipid moiety contains firom 14-18 carbon atoms, particularly from 16-18 carbon atoms, and 
are saturated. Illustrative phospholipids include egg phosphatidylcholine, 
dfyalmitoylphosphatidylcholine, and distearoylphosphatidyicholine. 

In preparing liposomes containing the peptides of the invention, such variables as die 
efficiency of pqrtide encapsulation, lability of the peptide, homogeneity and size of the 
resulting population of liposomes, peptide-to-lipid ratio, permeability instability of the 
preparation, and pharmaceutical acceptability of die formulation should be considered. 
Szoka, et al, Annual Review of Biophysics and Bioengineering, 9: 467 (1980); Deamer, et aL, 
in Liposomes, Marcel Dekker, New York, 1983, 27: Hope, et aL, Chenu Phys. Lipids, 40: 89 
(1986)). 

The targeted delivery system containing the peptides of the invention may be 
. administered in a variety of ways to a host, particularly a mammalian host, such as 
intravenously, intramuscularly, subcutaneously, intra-peritoneally, intravascularly, topically, 
intracavitary, transdermally, intranasally, and by inhalation. The concentration of the 
peptides will vary upon the particular application, the nature of the disease, the frequency of 
adminis tration, or the like. The targeted delivery system-encapsulated peptide maybe 
provided in a formula tion comprising other compounds as appropr iate and an aqueous 
physiologically acceptable medium, for example, saline, phosphate buffered saline, or the 
like. 

The compounds prepared by the methods of die invention may also find use as 
diagnostic reagents. For example, labeled compounds can be used to locate areas of 
inflammati on or tumor metastasis in a patient suspected of having an inffommnffon For this 
use, the compounds can be labeled with l2 % 14 C, or tritium. 

EXPERIMENTAL EXAMPLES 
The invention is now described with reference to the following Examples. These 

Examples are provided for the purpose of illustration only and the invention should in no way 
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be construed as being limited to these Examples, but rather should be construed to encompass 
any and all variations which became evident as a result of the teaching provided herein. 

A- Glvcosvlation 

5 The materials and methods used in the experiments presented in this Example are now 

described. 

1. Sialvlation and Fncosvlation of TP10 
This example sets forth the preparation of TP10 with sialyl Lewis X moieties and 
analysis of enhanced biological activity. 

10 Interrupting blood flow to the brain, even for a short time, can trigger inflammatory 

events within the cerebral microvasculature that can exacerbrate cerebral tissue damage. The 
tissue damage that accrues is amplified by activation of both inflammation and coagulation 
cascades. In a murine model of stroke, increased expression of P-selectin and ICAM-1 
promotes leukocyte recruitment sCRl is recombinant form of the extracellular domain of 

IS Complement Receptor- 1 (CR-1). sCR-1 is a potent inhibitor of complement activation. 
sCRlsLe x (CD20)is an alternately glycosylated form of sCRl that is alternately 
glycosylated to display sialyiated Lewis* antigen Previously, sCR-lsLeX that was 
expressed and glycosylated in vivo in engineered Lecl 1 CHO cells was found to correctly 
localize to ischemic cerebral microvessels and Clq-expressing neurons, thus inhibiting 

20 neutrophil and platelet accumulation and reducing cerebral infarct volumes (Huang et aL, 
1999, Science 285:595-599). In the present example, sCRlsLe* which was prepared in vitro 
by remodeling of gtycans, exhibited enhanced biological activity similar to that ofsCRsLe x 
glycosylated in vivo. 

The TP10 peptide was expressed in DUK Bll CHO cells. This CHO cell line 

25 produces the TP10 peptide with the typical CHO cell gjycosylation, with many but not all 
glycans capped with sialic acid. 

Sialyiation of 66 mg of TWO. TP 10 (25 mg/mL), CMPSA (5 mM), and ST3Gal3 
(0.1 U/mL) were incubated at 32°C in 50 mM Tris, 0.15M NaCl, 0.05% sodium azide, pH 12 
for 48 hours. Radiolabeled CMP sialic acid was added to a small aliquot to monitor 

30 incorporation. TP 10 was separated from nucleotide sugar by SEC HPLC. Samples analyzed 
at 24 hours and 48 hours demonstrated that the reaction was completed after 24 hours. The 
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reaction mixture was then frozen. The reaction products were subjected to Fluorophore 
Assisted Carbohydrate Electrophoresis (FACE**; Glyko, toe, Novato CA) analysis (Figure 
86). 

Pharmacokinetic studies. Rats were purchased with a jugular vein cannula. 10 
5 mg/kg of either the pre-sialyiation or post-sialyiation TP 10 peptide was given by tail vein 
injection to three rats for each treatment (n=3). Fourteen blood samples were taken from 0 to 
50 hours. The concentration in the blood of post-sialylatkm TP10 peptide was higher than 
that of pre-sialylation TP 10 at every time point past 0 hour (Figure 87). Sialic acid addition 
doubled the area under the plasma concentration-time curve (AUG) of the pharmacokinetic 

10 curve as compared to the starting material (Figure 88). 

Fucosylation of sialylated TP10. 10 mL (25 mg TP10) of the above sialyiation mix 
was thawed, and GDP-fiicose was added to 5 mM, MnCk to 5 mM, and FTVI 
(fucosyltransferase VI) to 0.05 U/mL. The reaction was incubated at 32°C for 48 hours. The 
reaction products were subjected to Fluorophore Assisted Carbohydrate Electrophoresis 

15 (FACE*; Glykb,Ihc, Novato CA) analysis (Figure 89). To a small aliquot, radiolabelled 

GDP-fiicose was added to monitor incorporation. TP10 was separated from nucleotide sugar 
by SEC HPLC. Samples analyzed at 24 hours and 48 hours demonstrated that the reaction 
was completed at 24 hours. An in vitro assay measuring binding to E-selectin indicate that 
fucose addition can produce a biologically-active E-selectin ligand (Figure 90). 

20 

2. Sialyiation of Recombinant Glycoproteins 
This example sets forth the preparation of sialylated forms of several recombinant 
peptides. 

Sialyiation of Recombinant Glycoproteins Using ST3Gal UL Several 
25 glycoproteins were examined for their ability to be sialylated by recombinant rat ST3Gal EL 
For each of these glycoproteins, sialyiation will be a valuable process step in the development 
of the respective glycoproteins as commercial products. 

Reaction Conditions* Reaction conditions were as summarized in Table 9. The 
sialyltransferase reactions were carried out for 24 hour at a temperature between room 
30 temperature and 37°. The extent of sialyiation was established by determining the amount of 
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14 C-NeuAc incorporated into glycoprotein-linked oligosaccharides. See Table 9 for the 
reaction conditions for each protein. 



Table 9. Reaction conditions. 



Protein 


Source 


Protein 


Protein 


ST 


ST/Protein 


CMP- 






Total 


Cone. 


(mttfmL) 


(mU/mg) 


NeuAcof 






(mg) 


(mg/ml) 






"cycle" 1 


Aim 


Genzyme 
Transgenics 


8.6 


4.3 


210 


48 


cycle 


Aim 


Genzyme 
Transgenics 


860 


403 


53 


12 


cycle 


Asialo- 


Sigma 


0.4 


105 


20 


13 


10 mM 


fetuin 














asilao- 


PPL 


0.4 


0.5 


20 


20 


20mM 


AAAT 















"Cycle** refers to generation of CMP-NeuAc "in situ** enzymatically using standard 
5 conditions as described in specification (20 mM NeuAc and 2 mM CMP). The buffer was 



0.1MHEPES,pH7.5. 

The results presented in Table 10 demonstrate that a remarkable extent of sialylation 
was achieved in every case, despite low levels of enzyme used Essentially, complete 

10 sialylation was obtained, based on the estimate of available terminal galactose. Table 10 
shows the rehihs of the sialylation reactions. Hie amount of enzyme used per mg of protein 
(mUAng) as a basis of comparison for the various studies. In several of the examples shown, 
only 7-13 mU ST3Gal III per mg of protein was required to give essentially complete 
sialylation after 24 hours. 

15 Table 10. Analytical results 



Protein 


Source 


Gal 1 

mol/mol 


NeuAc 

Incorp. 2 

mol/mol 


% 

Rxn 3 


Other characterization 


Aim 4 


Genzyme 


102 


104 


117 


None 


Ann 4 


Transgenics 
Genzyme 


102 


13 


108 


SDS-gels: protein purity 




Transgenics 








FACs: carbohydrate 












glycoforms 


Asialo- 
fetuin 


Sigma 


802 


905 


116 


None 


asilao- 


PPL 


7 


7.0 


100 


SDS-gels: protein purity 


AAAT 5 











1 Terminal (exposed) Gal content on N-linked oligosaccharides determined by supplier, or 
from literatures values (fetuin, asialo-AAAT). 
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NeuAc incorporated determined by incoipoiraiion of 14C-NeuAc after separation feora fees 
radiolabeled precursors by gel filtotioinu 

3 The %Rm refers to % conaplefion of the reaction based on &e temiml Gal conteist as a 
theoretical maximum. 
5 4 Antrfcrombin HL 
5 al Antitrypsin, 

These results are in marked contrast to those reported in detailed studies with bovine 
ST6Gal I where less than 50 rnU/mg protein gave less than 50% sialylation, and 1070 mUAng 

10 protein gave approximately 85-90% sialylation in 24 hours. Paulson et sL (1977) J. Biol. 
ChfinL 252: 2363-2371; Paulson et aL (1978) J. Biol. Chem. 253: 5617-5624. A study of rat 
o23 and ©2,6 sialyltransferases by another group revealed that complete sialylation of asMo- 
AGP required enzyme concentrations of 150-250 mU/mg protein (Weinstem' et aL (1982) J. 
Biol. Chan. 257: 13845-13853). These earlier studies taken together suggested that the 

15 ST6Gal I sialyitransferase requires greater than 50 mU/mg and up to 150 mU/mg to achieve 
complete sialyiaiion. 

This Example demonstrates that sialylation of recombinant glycoproteins using the 
ST3 Gal in sialyitransferase required much less enzyme than expected For a one kilogram 
scale reaction, approximately 7,000 units of the ST3Gal in sialyitransferase would be 

20 needed, instead of 100,000-150,000 limits that earlier studies indicated. Purification of these 
enzymes torn natural sources is prohibitive, with yields of only 1-10 units fesr a large scale 
preparation ate 1 -2 months wo*. Assuming that both the ST6Gal I and ST3Gal M . 
sialyltransferases are prodtoced as recombinant sialyltensferases, with equal levels of 
expression of the two enzymes being acMeved,ai5sameetationscale 14-21 times greater (or 

25 more) would be required fear the ST6Gal I sialyitransferase relative to the STSGal M 

sialyltaasferase. For ft© ST6GM I sMytomsfease, expression levels of 0.3 U/U in yeast has 
been reported (Borsig et al. (1995) Biochean. Biophys. Res. Commun. 210: 14-20). 
Expression levels of 1 000 U/Eter of tShe ST3 Gal II sialyitransferase have been achieved in 
Aspergillus niger. At current levels of expression 300-450,000 liters of yeast fermentation 

30 would be required to produce sufficient enzyme for sialylation of 1 kg of glycoprotein using 
the ST6Gal I sialyitransferase. In contrast, less than 10 liter fermentation of Aspergillus niger 
would be required for sialylation of 1 kg of glycoprotein using the ST3Gal HI 
sialyitransferase. Thus, the fermentation capacity required to produce the ST3Gal in 



-339- 



sMytemsfemse for a tags scale sMyMon reaction wouM fee 10-100 fold to tJhaa that 
rsqpmi for pnodhadmg Sue ST6Gal I; fte cost ofpmduckg a© sMyltemsfasse would b© 
reduced proportionately. 

5 3. FucosvlatioE to create SMvliLgwisX 

This example sets forfbt tine preper&tion of Tissue Tissue-type Plasminogen Activator 
(TP A) wife N-linked sialyl Lsms X antigen. 

SM^lSLfiSdDm. TPA stressed in mammalian cells will often contain animosity of Hhe 
glyc&ns temimting in sialic acid, but to ensure ©oannpleie sial ylation, it would be teaeficM to 

10 first perform mmviimsMyfa&mL TPA in © suitable buiBfer (most pinsfferably betwesa pH 
5 .5 and 9, for example Tras buffered saline, pH 7.2) is incubated with CMP sialic acid and 
sialyltransf&ase for a time sufficient to coay^ffis^glycamlacMBgsiaKcacidto sialylated 
species. Typical conditions would be 1 mgtoLTPA, 3 wM CMP sialic acid, 0.02 VhnL 
ST3Gal3, 32°C for 24 hours. Microbial growth cm be halted either by sterile filtration or the 

15 inclusion of 0.02% sodium azide. like TPA concentration is most prefer 

mg^uptothesolubiKtylM The concentration of GMP-SA should be 

sufficient for ttare to bs excess ow &e avmlabls sito, end mig^i irmge Hk>m 50 pM up to 50 
mM, and the tea^earat^ fiom 2°C up to 4(TC. IlhetimerapM 
depend on iietei^^ 

20 sAdrateconcodi^ Ofcr siaJstosoasferases &M maybe capabl© of adldmg 

sialic acid in 2,3 liiilkage include ST3Gal4; microbial traasfeasss could also be used. 

Wwsas&^baim. Typical condMonsfferfe>osy^ 1 mgtoLTPA,3mM 

GDP-fiscosep 0.02 U/amL FIVE, 5 wM MnO^ 32*€ for 24H in Tm taffered saline. 

Microbial growth cm be halted eM» by sterile ffltation or fee inclusion of 0.02% eodkm 
25 azide. The TPA concentration is most preferably in the rang© 0. 1 mgtoL up to to soWbilty 

limit of the peptide. The (jxnio^ta^OT of GDP-focose skmld be sufficiestf for tare to be 

excess over the available ates^ 

temperature fixHn2°Ci^ to 40°C. The time raprii^ito con^leto reaction wildqjoidijwa 
the temperate^ the relative amounts of enzyme to acceptor substrate^ the donor substrate 
30 concentration, and the pH. Other ffucosyitransferases thM may be enable of maMng sialyl 
Lewis x include FTVH, FTV, FIXD, as well as microbial taasfeases could also be used. 
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4. Trimming of high mannose to tri-mannose core structure: Tissue-type 
P1 flCT nitmpen Activator produced in CHO 

This example sets forth the preparation of Tissue-type Plasminogen Activator with a 

5 trimannose core by trimming back from a high mannose glycan. 

Tissue-type plasminogen activator (TP A) is currently produced in Chinese Hamster 
Ovary (CHO) cells and contains a low amount of high mannose N-linked oligosaccharide. 
The mannoses can be trimmed down using a variety of the specific mannosidases. ■ The first 
step is to generate Man5GlcNAc2(FucO-l) fiom Man9GlcNAc2(Fuca-l). This can be done 

10 using mannosidaseL Then either GlcNAcTl (GlcNAc transferase I) is used to make 

GkNAclMan5GkNAc2(FucO-l) or Mannosidase HI is used to make Man3GlcNAc2(FucO- 
1). From Man3GlcNAc2(PucO-l), GlcNAclMan3GlcNAc2(FucO-l) can be produced using 
GlcNAcTl or fiom GlcNAclMan5GlcNAc2(FucO-l), GlcNAclMan3GlcNAc2(FucO-l) can 
be produced using Mannosidase IL GlcNAclMan3GlcNAc2(FucO-l) is then converted into 

15 GlcNAc2Man3GlcNAc2(FucO-l) using GlcNAcTransferase II (GlcNAcTIT). The two 

terminal GlcNAc residues are then galactosylated using GalTT and then sialyiated with S A- 
PEG using ST3GalHL 

Conversely, TPA can be produce in yeast or fungal systems. Similar processing 
would be required for fungal derived material 

20 

5. Addition nf Glc NAc to BPO 

This example sets forth the addition of a GlcNAc residue on to a tri-mannosyl core. 

Addition of GlcNAc to EPO. EPO was expressed in SF-9 insect cells and purified 
(Protein Sciences, Maiden, CT). A 100% conversion fiom the tri-mannosyl gjycoform of 
25 ^ to the ^Htnannos>i core + 2 GlcNAc" (Peak 1, PI in Figure 91) was achieved in 24 
hours of incubation at 32°C with lOOmU/ml of GlcNAcT-I and lOOmU/ml of GlcNAcT-H in 
the following reaction final concentrations: 

lOQmM MES pH 6.5, or 100mM Tris pH 7.5 

SmMUDP-GlcNAc 

30 20mMMnCl 2 

lOOmU/mlGlcNAcT-I 
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100mU/ml GlcNAcT-H 
1 mg/tnl EPO (purified, expressed in S© cells, 
purchased from Protein Sciences). 
• Analysis of glycoforms. This assay is a slight modification on K-R Anumula and ST 
5 Dhume^ Glycobiology 8 (1998) 685-69. N-glycanase (PNGase) released N-glycans were 
reductively labeled with anthranilic acid The reductively-aminated N-glycans were injected 
onto a Shodex Asahipak NH2P-50 4D amino column (4.6 mm x 150 mm). Two solvents 
were used for the separation: A) 5% (v/v) acetic acid, 1% tetrahydrofuran, and 3% 
trifcthylamine in water, and B) 2% acetic acid and 1% tetrahydrofuran in acetonitrile. The 
10 column was then eluted isocratically with 70% B for 2.5 minutes, followed by a linear 
gradient over a period of 97. 5 minutes going from 70 to 5% B and a final isocratic ehition 
with 5% B for 15 minutes. Eluted peaks were detected using fluorescence detection with an 
excitation of 230 nm and emission wavelength of 420 nm. 

Under these conditions, the trimannosyl core had a retention time of 22.3 minutes, and 
15 the product oftheGnT reaction has a retention time of 26.3 minutes. The starting material 
was exclusively trimannosyl core with core GlcNAc (Figure 91). 

6. Remod ftlfflff hipfr Tnannnse N-dvcans to hybrid and compter N-pl ycflnft: 
Bovine pancreatic RNase 

20 This example sets forth the preparation of bovine pancreas RNase with hybrid or 

complex N-glycans. The high mannose N-linked glycans of the RNase are enzymatically 
digested and elaborated on to create hybrid N-linked glycans. Additionally, the high 
mannose N-linked glycans of the RNase are enzymatically digested and elaborated on to 
create complex N-linked glycans. 

25 High mannose structures of blinked oligosaccharides in glycopeptides can be 

modified to hybrid or complex forms using the combination of a-marmosidases and 
glycosyltransferases. This example summarizes the results in such efforts using a simple N- 
Glycan as a model substrate. 

Ribonnclease B (RNaseB) purified from bovine pancreas (Sigma) is a glycopeptide 

30 consisting of 124 amino acid residues. It has a single potential N-glycosylation site modified 
with higjh mannose structures. Due to its simplicity and low molecular weight (13.7 kDa to 
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1 5 5 HJ a), ribonuckase B is a good candidate to demonstrate the f sasibiMlty of the J\W8ycaa 
^modeling fcom Mgh msamose structures to hybrid or complex i\T-fafe&d otegosscctaddtes . 
Hie MALDI-TOF spectran of KNaseB and HPLC profile for the oMgosaccharides cleaved 
fium RNaseB by N-Glycanase (Figure 92) indicated that, other flian a small portion of the 
5 non-modified peptide, the majority of i\T-glycosjdation sites of the peptide are modified with 
high msamose oKgosacctarides consisting of 5 to 9 mamose residues. 

<C©iav©ffSD©iin <n>fT DaflgDa nmiiMKOs© N-Oycaias to Bn^toirfidl N-Oy®SMSp High nuazmose N~ 
Glycans were converted to hybrid W-Qycans using the combination of al^-mannosidas©, 
GlcNAcT-I (p-l^-J\T-ace*yl ^ucosamin^L transferase), GalT-I (pl,4-galactosjtoansifease) and 
10 ci23-aalyitransferase /or ci2 9 6-sialyltransfkase as shown in Figure 93. 

As m miiinrflpH h»gh mnminge rfmctmeg m RNaseB were successfully converted to 
hybrid structures. 

MaasGlcNAc^R was obtained fiom Man^OcNAcr-R catalyzed by a single ©1 ,2- 
mannosidase cloned fiom Trichoderma reesei (Figure 94). RNase B (1 g, about 67 jsmol) 

15 was incubated at 30°C for 45 h with 15 mU of the recombinant T. reesei al ,2-mannosidase in 
MES buffer (50 mM, pH 6.5) in a total volume of 10 mL. Man^GlcNAca-protein structures 
have beon successfully converted to MansGlcNAc^iprotOTL with MgJhL efficiency byte 
secombinajot mannosidlase. 

Alterably, MansGfcNAc&-R was obtained firan MsosjQfiNAqrR catalyzed by a 

20 single ©l^-mamosicte© purified from AspergSlm smiSoi (Pignuts 95). RNaseB (40 pg, about 
2.7 nmol) was incubatod at 37°C for 42.5 h with 25 pU of the commercial A smtoi ol £r 
mannosidase (Glyiko or CaMcChean) in NaOAC buffer (1 00 wM, pH 5.0) in a total volume 
of20(d. Mans^lcNAcrprotem 

protein by the commercially available mamnosidase. Howevisr, aimewpeaJk corospcodimg to 
25 the GlcNAc^protein appeals in the spectam, indicating the possible contamination of 

eadoglycosidase H in the preparation. Although several mammaKaa a^ha-mannosidases 

were required to achieve this step, the fungal cl^-mannosidase wass very efficient to remove 

all delinked mannose residues. 

GlcNAcT-I then added a GlcNAc residue to the MansGlcNAcrR (Figure 96). The 
30 reaction mixture after the T. reesei ©1 ,2-mannosidase reaction containing RNase B (600 j&g, 
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about 40 nmoi) was incubated wilh non^uriffied re^ GteNAcT-I (34 mil) in MBS 

bufier (50 eqM, pH 6.5) ccrataiBing MkCfc (20 mM) sad UDP-GlcNAc (5 mM) in a total 
volume of 400 ^ at 37°C for 42 k A GlcNAc residue was qciantitatively added to 
MansGacNAcr-piotdn by the recombinant GlcNAcT-L 

5 A Gal residue was then added using GalT 1 (Figure 97). The reaction mixtureafftar 

the GnT-I reaction containing RNase B (120 ja& about 8 nmol) .was Incubated at 37°C for 20 
h with 3.3 mU of the recombinant GalT-l in Tris-HQ buffer (100 wM, pH 73) containing 
UBP-Gal (7.5 mM) andMnQi (20 wM) in a total volume of 100 jd. A Gal residue was 
added to about 98% of the GlcNAc-Man5GlcNAc2im)te!n by the recombinant GalT 1. 

10 Hie next step was She addition of a sialic add raskg an (El^-sMstensfer^ 02: an 

d2,6-sialyitansfemse (Figisre 98). As an example, ST3Gal HI, am (E23-sMyhmasforase was 
used The reaction mixtaea^ 

nmoi) was incubated at 37°C for 16 h wi& 8.9 mU of recombinant STSGal IE in Tris-HQ 
buffer (100 mM, pH 7.3) containing CMP-Sialic acid (5 mM) and MnQ 2 (20 mM) in a total 

15 volume of 20 jd. A sialic acid residue was added to about 90% of the Gal-GlcNAo- 

MansGlcNAcrprotein by recombinant ST3Gal III using CMP-SA as the donor. The yield 
cm be &rthisr m^pzoved by adjjBStrag &e reaction ©©Editions. 

For convsnifenic©, mo pMificatim or dialysis stqp was rapimi after each reaction 
described above. More ktensstin& GalT^ 

20 reaction Similar yields wras obtained as coinnqpsonsdl with the separate reactions. Thereactaon 
mixture after the GlcNAcT-I reaction containing RNase B (60 t&g, about 4 nmoi) was 
incubated at 37°C for 20 h with 1.7 imUof recombinaM GalT 1, 9.8 mU of recombinant 
ST3Gal DDI in Tris-HQ buffer (1 00 eM, pH 73) containing UBP-Gal (7.5 mM), CMP-sialic 
add (5 mM) and MnOa (20 wM) m a total volume of 60 pL 

25 As shown in Figure 99, S A-PEG (1 0 MDa) was successfully added to the RNasdB. 

The reaction mixture after the GaffT-1 reaction containing KNase B (6.7 p& about 0.45 nmoi) 
was dialyzed against H2O for 1 hour at ffoom texq>e^ture aM incubated at 37X for 153 
hours with 55 mU of the recombinant ST3 Gal M in Tris-HQ buffer (5 0 mM, pH 73) 
containing CMP-SA-PBG (1 0 KDa) (0.25 mM) and MnQ 2 (20 mM) in a total volume of 20 

30 jd. PEG-modijBied sialic acid residues w^ succe^My added to iie Gal^lcNAc-' 
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MansGlcNAc^eptide by the recombinant ST3Gal ffl. The yield can be further improved by 
adjusting flie reaction conditions. 

Conversion of high mannose N-Glycans to complex N-dycans. To achieve this 
convemon,aGlcNAcpl,2Man3Glc^ As shown in 

5 Figure 100, there are at least four feasible routes to carry out the reaction from 
MansGlcNAcr-peptide to tins intermediate: 

Route I: The MansGlcNAcrpeptide produced by the fungal al,2 mannosidase is a 
substrate ofGlcNAc transferase I (GlcNAcT-I, enzyme 2) which adds one GlcNAc. The 
tenninal al,3- and <xl,6-linked mannose residues of GlcNAcMansGlcNAca-peptide is 

10 removed by Golgi a-mannosidase II (Manll, enzyme S). This route is apart of the natural 
pathway for the processing of //-linked oligosaccharides carried out in higher organisms. 

Route II: Two mannose residues are first removed by an a-mannosidase (enzyme 6), 
thenaGlcNAcisaddedbyGlcNAcT-I(oizyme2). Other tiian its natural acceptor 
MansGlcNAc2-R, GlcNAcT-I can also recognize Man 3 GlcNAc2-R as its substrate and add 

IS one GlcNAc to the mannose core structure to form GlcNAcMan 3 GlcNAc2-peptide. 

Route HI: The al ,6-linked mannose is removed by an al,6-mannosidase, followed 
by the addition of GlcNAc by GlcNAcT-I and removal of the tenninal <xl,3-linked mannose 
by an al^-mannosidase. From tiie experimental data obtained, GlcNAcT-I can recognize 
this MaiuGlcNAcrpeptide as acceptor and add one GlcNAc residue to form 

20 GlcNAcMan4GicNAcrDq>tide. 

Route IV: Similar to Route ID, <xl,3-linked mannose is removed by an al3- 
mannosidase, followed by GlcNAcT-I reaction. Then the tenninal al,6-linked mannose can 
be removed by an al,6-mannosidase. 

After the function of GlcNAcT-I (responsible for the addition of the GlcNAc 01,2- 

25 linked to the al ,3-mannose on the mannose core) and GlcNAcT-II (responsible for the 
addition of a second GlcNAc P 1,2-linked to the al,6-mannose on the mannose core), die 
QcNAc2Man 3 GlcNAc2-peptide can be processed by GalT 1 and sialyltransferase to form bi- 
antennary complex N- Glycans. Other GlcNAc transferases such as GlcNAcT-IV, GlcNAcT- 
V, and/or GlcNAcT-VI (Figure 100 and Figure 101) can also glycosylate the 

30 GlcNAc2Man3GlcNAc2-peptide. Additional glycosylation by the GalT 1 and 
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sMytemsfoais^ wffifbmmulti^^ The enzyme GlcNAcT-M 

catalyzes fee insertion of a bisecting GlcNAc, feus prevailing the actions ofMarifll, 
GIgNAcT-1, GlcNAcT-XV and GlcNAcT-V. 

5 7. Preparation of EPO wife mnM-antermar y com plex glvcans. 

This exOTiple sets fbrfe fee preparation of PBGylaied, biastamary EPO, and 
taiantemiajry, sialylaied EPO fermi insect cell expressed EPO. 

Recombinant Jinman eryferopoietin (riiEPO) from fee baculoviruis/S© expression 
system (Proteins. Sciences Corp., Meriden, CT) was subjected to glycan analysis and fee 
10 resulting glycans were shown to be primarily Urmamosyi core wife core fucose, wife a small 
pemc&iftage of glycssis also halving © single GicNAc ( EPO 1). 

AflMMoiin (Dff H-a(aE^n^Tm<KDSsinmito© w&ffia (CSmT-H amsfl (GmT-IDL Two lots of nhEPO (1 
mgfaiL) were incubated wife GnT-I and GmT-XI, 5 wM UBP-glcNAc, 20 mM MnCk, and 
0.02% sodium azide in 100 mM MES pH 6.5 at 32°C for 24k Lot A contained 20 mg of 
15 EPO, and 1 00 mU/mL GnT-I and 60 mUfmL GnT-XL Lot B contained 41 mg of EPO, and 41 
mU/mL GnT-I + 50 mUAnL GnT-IL After fee reaction, fee sample was desalted by gel 
filtration (PB10 columns, Phmnaoa 1KB Biotechnology inc., Piscataway, MJ). 

EMD gflyGanns suoallyzsdl Iby 2-AA IHOPILC jpmn>lElmgo This assay is a slight 
modification on Ammnnroto and Dhmmne, GlycoMology 8 (1998) 685-69. Redndivdy-amiBated 
20 N-gJycans were infected onto a Shodes AsaMpak NH2P-50 4D amino cotamn (4.6 mm x 150 
mm). Two solvents we^iased Sot ■ 
tetahydroferm, md 3% Mefejdamii^ m wate md B) 2% acetic add md 1% te^ydroffiran 
inacetoMle. The colhuum was fern stated isocrsticaly wife 70% B for 2.5 mm 7 followed 
by a linear gradirat © w a pmod of 1 00 mm going ffiran 70 to 5% B, and a final isocrafic 
25 elution wife 5% B for 20 wssl Stated peaks wesre detected losing ffawesceaice detection wife 
an excitation of 230 m and otMoi waveteogfe of 420 m Non-sialylated N-linked 
glycans feD in fee LC range of 23-34 min, monosMylated&am34^2min 9 disialylatedfiom 
42-52 min, trisialyiated from 55-65 min and teteasialylaied fiom 68 — 78 min. 

Glycan profiling by 2AAEDPLC revealed feat lot A was 92% converted to a 
30 biantemary structure wife two GlcNAcs (fee balance having a single GlcNAc. Lot B showed 
97% conversion to fee desired product^Figure 102A and 102B ). 
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sMj^ttooisfease far a tage scale giialyiation reaction would lb© 1 0- 1 00 Md less titan that 
requnrad for producing &e §T6Gal I; the cost of prmtaanog the sMyittaisfersss woiM be 
rakc©d proportionately. 

3. Fucosvlation to create SM 

This example sds forth the pr^aratiom of Tissue Tissue-type Plasminogen Activator 
0TPA) wifflnN-Iimked sialyl Lewis X antigen 

SMyWfiM. TPA expressed in mammalim cells will often contain, a majodfy of tSse 
glyc&ns tenmroa fing in sialic add, but to ensure cmmpl&tQ sMyiafion, it would be bxsneficM to 
fcstperfomi an m vi&ro sialyiatioiiL TPA m a suitable buffer (most pmefeably bdtwem jpH 
5.5 and % for esra^le Tns buflFesed saline, pH 7.2) is incubated with CMP sialic acid md 
sialyltaansfeas© for a time sufficient to convert soy glycans ladking sialic acid to sialylated 
species. Typical conditions would be 1 mgfwL TPA, 3 wM CMP sialic acid, 0.02 U/mL 
ST3Gal3, 32°C for 24 boms. Microbial growth can be bated either by steile filtration or the 
inclusion of 0.02% sodium azide. ItieTPAconceaitratiOT 

imig/mLiuptotfaesoli&^ The concentation of CMP-SA should be 

sufficient for there to be excess ow the available site, and might rang© feom 50 pM up to 50 
mM,amitlhetejn^^ like time ireqjrair^fc 

depeaad on the tenoipmtu^ tin© relative amomts of CTzym© to acceptor scabstaatep tStes <dkwasr 
SHibstateconc<a3iflmti OSte dalyttiramlfersises that may fes capable of adding 

sialic acid in 23 lirikage include ST3 Gal4; microbial transferases could also be used. 

WmM&Mkm. Topical conditions for feosyMion would be 1 mrngfeoL IP A, 3 wM 
(33>P-itajss, 0.02 U/mL FFVIp 5 wM MsO^ 32"€ for 24H m Ms brtfa©d ssfcs. 
'MkrobM gsowSih cmbebalM ffltjratioiQior&e fetasice ofO.C2% eodkm 

azide. The 1PA concent 

limit of the peptide. The coBCCTteatiom of GBP-focoss should be suffiti^for Shoe to be 
' 'aoesscrarfe avails^ 
tei^sratoefioin2 o CBpto40 a C. The time required for complete reaction will depend on 
the temperate^ the relative amounts of oazyme to acceptor substrate*, the donor substrate 
concentration, and the pH. Other fucosyfaansferases to may be capable of making sialyl 
Lewis x include FTVH FTV, FIM, as well as microbial transferases could also b e used. 
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4. Trimmine of higfa mannose to tri-fnami ose core structore: Tissue-tvpe 
Plasminogen Activator produced in CHO 

This example sets forth the preparation of Tissue-type Plasminogen Activator with a 

5 trimannose core by trimming bade from a high mannose gjycan. 

Tissue-type plasminogen activator (TP A) is currently produced in Chinese Hamster 

Ovary (GEO) cells and contains a tow amount of high mannose N-linked oligosaccharide. 

The mannoses can be trimmed down using a variety of the specific mannosidases. The first 

step is to generate Man5dcNAc2(FucO-l) from Man9GlcNAc2(FucO-l). This can be done 

10 using mannosidaseL Thai either GlcNAcTl (GlcNAc transferase I) is used to make 

GlcNAclMan5GlcNAc2(FucO-l) or Mannosidase m is used to make Man3GlcNAc2(FucO- 

1). From Man3GlcNAc2(Fuca-l), GlcNAclMan3GlcNAc2(FucO-l) can be produced using 

GlcNAcTl or fiom GlcNAclMan5GlcNAc2(FucO-l), GlcNAclMan3GlcNAc2(PucO-l) can 

be produced using Mannosidase IL GlcNAc 1 Man3 GlcNAc2(FucO- 1 ) is then converted into 

15 GlcNAc2Man3GlcNAc2(FucO~l) using GlcNAcTransferase II (GlcNAcTD). The two 

terminal GlcNAc residues are thai galactosylated using GalTT and then sialylated with SA- 

PEG using ST3GaHEL 

Conversely, TP A can be produce in yeast or fungal systems . Similar processing 

would be required for fungal derived material 

20 

5. Addition of GlcNAc to EPO 

This example sets forth the addition of a GlcNAc residue on to a tri-mannosyl core. 
Addition of GlcNAc to EPO. EPO was expressed in SF-9 insect cells and purified 
(Protein Sciences, Meriden, CT). A 100% conversion fiom the tri-mannosyl gjycoform of 
25 Epo to the "tri-mannosyi core + 2 GlcNAc" (Peak 1 , P 1 in Figure 9 1) was achieved in 24 
hours of incubation at 32°C with lOOmU/ml of GlcNAcT-I and lOOmU/ml of GlcNAcT-H in 
the following reaction final concentrations: 

lOQmM MES pH 6.5, ot lOOmM Tris pH 7.5 
SmMUDP-GlcNAc 
30 20mMMnCl 2 

100mU/mlGlcNAcT-I 
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100mU/mlGlcNAcT-lI 

1 mg/ml EPO purified, expressed in S© cells, 

purchased from Protein Sciences). 
Analysis of glycoforms. This assay is a slight modification on K-R Anumula and ST 
5 Dhrane, Glycobiology 8 (1998) 685-69. N-glycanase (PNGase) released N-glycans were 
reductively labeled with anthranilic acid The reductively-aminated N-glycans were injected 
onto a Shodex Asahipak NH2P-50 4D amino column (4.6 mm x ISO mm). Two solvents 
were used for the separation; A) 5% (v/v) acetic acid, 1% tetrahydrofuran, and 3% 
triethylamine in water, and B) 2% acetic acid and 1% tetrahydrofuran in acetonitrile. The 
1 0 column was then eluted isocratically with 70% B for 2 .5 minutes, followed by a linear 
gradient over a period of 97.5 minutes going from 70 to 3% B and a final isocratic elation 
with 5% B for 15 minutes. Eluted peaks were detected wytng fluorescence detection with an 
excitation of 230 run and emission wavelength of 420 mn. 

Under these conditions, the trimannosyl core had a retention time of 22.3 minutes, and 
15 the product of the GnT reaction has a retention time of 26.3 minutes. The starting material 
was exclusively trimannosyl core with core GlcNAc (Figure 91). 

6. Remod eltnfl hiffr mgntinsR K-plyngmg tp hybrid and complex N-glvcans: 
Bovine pancreatic RNase 

20 This example sets forth the preparation ofbovine pancreas RNase with hybrid or 

complex N-glycans. The high mannose N-linked glycans of the RNase are enzymatically 
digested and elaborated on to create hybrid N-linked glycans. Additionally, the high 
mannose N-Hnked glycans of the RNase are enzymatically digested and elaborated on to 
create complex N-linked glycans. 

25 High mannose structures of ^-linked oligosaccharides in glycopeptides can be 

modified to hybrid or complex forms using the combination of a-mannosidases and 
glycosyltransferases. This example summarizes the results in such efforts using a simple N- 
Glycan as a model substrate. 

Ribonuclease B (RNaseB) purified from bovine pancreas (Sigma) is a glycopeptide 

30 consisting of 124 amino add residues. It has a single potential 7V-glycosylation site modified 
with high mannose structures. Due to its simplicity and low molecular weight (13.7 fcDa to 
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155 IkBa), ribmuckase B is a good candidate to demonstrate tihe feasibility of Sue JV-GlycaHn 
remodeling fern Mgh mamose staictees to hybrid or complex W-Erited oMgpsacdiarides. 
Hie MALBI-TQF spectram of RNaseB and HPLC profile for the oHgpsaccharides cleaved 
from RNaseB by N-dycanas e (Figssre 92) indicated that, other than a small portion of the 
5 non-modified peptide, the majority of N-glycosylation sites of the pqrtide are modified with 
high mazmose oligosacdharides consisting of 5 to 9 masmose mdhes. 

(Qm Wir#M rf Unflgfr ipsnnMrnfl PSffl BKSllyfiaffliifl (to BnylbgBdl KF-CTyggnaa, High mssmos© iV- 
CHycans were converted to hybrid W-Glycans using the combimtioEL of al,2-maanosidas©, 
GlcNAcT-I (fJ-l,2-jy-acetyl ^ucosaminyl transferase), GalT-I (pi s 4-galactosyltomisfefflse) and 
10 o2,3-sial}dtransferase /or G^ 9 $-sial3dtrans&rase as shown m Figure 93. 

Asm example, M^mannoses 
hybrid structures. 

MansGlcNAcj-R was obtained fiom Man^GlcNAcr-R catalyzed by a single ©1 ,2- 
mannosidase cloned fiom Trichoderma reesei (Figure 94). RNase B (1 g, about 67 pmol) 

15 was incubated at 30°C for 45 h with 15 mU of the recombinant 21 reesei ©1,2-mannosidase in 
MES buffer (50 xnM, pH 6.5) in a total volume of 10 mL. Man^GlcNAcz-protein structures 
have bem successful]^ converted to Mazj5GlcNAc2ipr©tdini with Mgti efficiency by the 
irecombrnant innggntro ra^idbpig^ 

Alternately, MmsGlcNAcs-R was obtained ftom Maa^GJcNAc^R catalyzed by a 

20 single ©l^-^namosidass prafied feom AspergiMm satioi (Hgmro 95). RNaseB (40 fag, about 
2.7 nmol) was incubated at 37°C frr 42.5 h with 25 |iU of in© commercial A sctitoi al,2- 
mamosidase (Glyto or CaMoQheam) in NaOAC buffer (100 wM, pH 5.0) in a total volume 
of20[il. Man^^lcNAcg-pTotdn stactares wea 1 © successfully oomivoted to MansCTcNAcz- 
pxotein by the coimmenciallly available snaraiiosidase. Howew, amewpeaJkcora^spondingto 

25 the GlcMAc*proteM spears in the spectrum, indicating the possible contamination of 

emdoglycosidase H in the preparation. Although several mammalian alpha-mannogidases - 
were required to achieve this step, the fungal <&l,2-mannosidase wass vary efficient to remove 
all al,2-linked mannose residues. 

GlcNAcT-I then added a GlcNAc residue to the MansGlcNAcrR (Figure 96). The 

30 reaction mixture after die 21 reesei al,2Hmannosidase reaction containing RNase B (600 jig, 
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about 40 nmol) was incubated with non^ron^ GkWAcT-I (34 mU) in MDBS 

buffisr (50 idM, pH6.5) containing MnCfe (20 wM) and UBP-GlcNAc (5 snM) in a total 
volume of 400 (iL at 37°C for 42 k A GlcNAc residoe was quantitatively added to 
MasisGlcNAcrprotein by the recombinant GlcNAcT-L 
5 A Gal residue was then added using GalT 1 (Figuje97). Hie iresction urate site: 

the GnT-J reaction containing RNase B (120 pg, about 8 nmol) .was Incubated at 37°C for 20 
h with 33 mXJ of the recombinant GalT-l in Tris-HO bufifer (100 mfltf, pH 73) containing 
UBP-Gal (73 mM) and MhCl 2 (20 mM) in a total volume of 100 pL A Gal residue was 
added to about 98% of the GlcNAo-MansGlc^Aprprotein by the recombinant GalT 1. 
10 The next step was the addition of a siaBc acidising an <o?23-^ 

^6-sialyltmQsfemse (Figrae 98). As an example, ST3Gal ID, an (i^-sfelyltfansferase was 
used. The readfion mixture ate the GalT-1 reaction containing 

mnol) was incubated at 37°C for 16 h with 8.9 mU of recombinant ST3Gal JE in Tris-HQ 
buffer (100 mM, pH 7.3) containing CMP-Sialic acid (5 mM) and MnCl 2 (20 mM) in a total 

15 volume of 20 jd. A sialic acid residue was added to about 90% of the Gal-GlcNAc- 

MansGlcNAcrfirotein by recombinant ST3Gal III using CMP-SA as the donor. The yield 
can be Anther improved by a^usting&e reaction conditions. 

For ccnvemence, mo purification oar dialysis step was required after each reaction 
described above. More integrating, GalT 1 aMST3Galfflcmbecombkfidkaon©^t 

20 reaction. Similar yields weans obtained as compared with the separate reactions. The reaction 
mixture after the GlcNAcT-I reaction containing RNaseB (60 pg, about 4 mnol) was 
incmbated at 37°C for 20 h with 1 .7 mU of Kecombinaiat GalT 1, 9.8 mU of recombinant 
ST3Gal ffl in Tris-HO buffer (1 00 mM, pH 73) <wjntoining UDP-Gal (7.5 mM), CMP-siaffic 
add (5 mM) andMhOi (20 mM) k a total volume of 60 jd. 

25 As shown in Figuxe 99, S A-PEG (1 0 bBa) was successfully added to the RNaseB. 

The reaction mixture after flue GaST-1 reaction containing RNase B (6.7 pg, about 0.45 nmol) 
was dialyzed against BfeO for 1 hour at room tempeffatae and incubatod at 37°C for 1 5 .5 
hours with 5 5 mU of the recombinant ST3 Gal M in Tris-HQ buffer (5 0 mM, pH 73) 
containing CMP-SA-PEG (1 0 KDa) (025 mM) and MnQ 2 (20 mM) in a total volume of 20 

30 jd. PBG-modified sialic acid residues were successful added to &e Gd-CTcNAo- 
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MansGlcNAc2-peptide by the recombinant ST3Gal EL The yield can be further improved by 
adjusting the reaction conditions. 

Conversion of high mannose N-dycans to complex N-dycans. To achieve this 
conversion, a GlcNAcpi,2Man3GlcNAc2-peptide intermediate is obtained. As shown in 
5 Figure 1 00, there are at least four feasible routes to cany out the reaction from 
MansdcNAc2-peptide to this intermediate: 

Route I: The MansGlcNAcr-peptide produced by the fungal al,2 maxmosidase is a 
substrate of GlcNAc transferase I (GlcNAcT-I, enzyme 2) which adds one GlcNAc. The 
terminal al,3- and al,6-linked mannose residues of GlcNAcMansGlcNAca-peptide is 
10 removed by Golgi a-mannosidase II (ManTT, enzyme 5). This route is a part of the natural 
pathway for die processing of //-linked oligosaccharides carried out in higher organisms. 

Route II: Two mannose residues are first removed by an a-mannosidase (enzyme 6), 
then a GlcNAc is added by GlcNAcT-I (enzyme 2). Other than its natural acceptor 
MansGlcNAc2-R, GlcNAcT-I can also recognize Man 3 GlcNAc2-R as its substrate and add 
IS one GlcNAc to the mannose core structure to form GlcNAcMan 3 GlcNAc^-peptide. 

Route HI: The al ,6-linked mannose is removed by an al,6-mannosidase, followed 
by the addition of GlcNAc by QcNAcT-I and removal of the terminal al^-linked mannose 
by an al,3-mannosidase. From die experimental data obtained, GlcNAcT-I can recognize 
this MaiuGlcNAcrpeptide as acceptor and add one GlcNAc residue to form 
20 GlcNAcMaruGlcNAcrpqJtide. 

Route IV: Similar to Route m, al ^-linked mannose is removed by an al,3- 
mannosidase, followed by GlcNAcT-I reaction. Then the terminal al,6-linked mannose can 
be removed by an al,6-marmosidase. 

After the function of GlcNAcT-I (responsible for die addition of the GlcNAc 01,2- 
25 linked to the al ,3-mannose on die mannose core) and GlcNAcT-H (responsible for the 
addition of a second GlcNAc p 1,2-linked to the al,6-mannose on the mannose core), die 
QcNAc2Man 3 GlcNAc2-peptide can be processed by GalT 1 and sialyltransferase to form bi- 
antennary complex N- Glycans. Other GlcNAc transferases such as GlcNAcT-IV, GlcNAcT- 
V, and/or GlcNAcT-VT (Figure 100 and Figure 101) can also glycosylate the 
30 GlcNAc2Man 3 GlcNAc2-peptide. Additional glycosylation by the GalT 1 and 
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sialylimiisfeases will foran m&Mtintamasy complex N-glycms. The mzyme GkNAcT-HI 
catalyzes She insertion of a bisecting GlcNAc, fans prevrating She actions ofMsaDL, 
GlcNAcT-m, QcNAcT-IV and GlcNAcT-V. 

5 7. Preparation of EPO with amM ^tefflg gg comp lex ^tyrama- 

This CTOTJple sdts forflbi She px^as^dcm of PBGyiated, biantemary EPO, sem£ 
trianteamary, sMyJstei BFO tan iinssct ceSl expressed EPO. 

Rgcombfamt imsa ery&ropoiefei (AEPO) from Sue bsoalowms/S© espnessioB 
system (Protein Sciences Corp., Meridea, CT) was subjected to glycaa analysis and She 
10 resulting glymais w©ns shown to h& primarily temssmosyi coir© with core &cos© p to& a ssml 
percentage of glycws also kwsg a single GIcNAc (EPO 1). 

AdldlMdDisi ©ffN-ac©^^ wftffia (GnaT-I amdl <MMDL Two lots ofriiEPO (1 

mgfaaL) were iooabated with GoT-I and GnT-H, 5 mM UBP-glcNAc, 20 mH MnQ 2y and 
0.02% sodium azide in 100 mM MES pH 6.5 at 32°C for 24k Lot A contained 20 mg of 
15 EPO, and 1 00 mU/mL GnT-I and 60 mU/mL GnT-IL Lot B contained 41 mg of EPO, and 41 
mU/mL GnT-I + 50 mU/mL GnT-IL Afier the reaction, the sample was desalted by gel 
filtration (PD10 cotomBS,, Ptaim LKB Biotechnology Inc., Piscateway, N3). 

DSP© gUycaias maByssdl toy 2-AA EDHLC jpro(M^g n IMs assay is a slight 
modification on AmmBla md Dtame, QycobMogy 8 (1^8) 685-69. Redmcltih^ 
20 N-giycams were sqjeclBd csnto a Shodes Assh^ak OT2P-50 4D amino column (4.6 mm z 1 50 
mm). Two solvents wea© used 

tefrahyto&ran, and 3 % Me&ytonine in water and B) 2% acetic add sad 1 % MjAydtoffta^ 
kacdonMle. The cotaim was ffiisa eltafcsd isocratica% wish 70% B for 2.5 minn> g followed 
by a linear gsadieant w a period of 1 00 mam ^ing fi»m 70 to 

25 eMoa with'5% B for 2© mk Etatrfpealksw^dto 

an excitation of 230 wb aid (saoiission wwetenigSh of 420 mm. Non-sialylated N-link©d 
glyeszus fell m Hhe DC naBge of 23-34 mm 9 naonosMylated &om 34-42 min, disMyl&ted ftam 
42-52 mm, Msialyktai firom 55-65 min and teihrasialylated from 68 — 78 mm. 

Glycan profiling by 2AA EDPLC revealed that lot A was 92% converted to a 

30 bianteamarystnw&^witht LotB showed 

97% conversion to the desired product (Figure 102A and 102B ).. 
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]tofirodncfai8 aa flhW amtemjuiry taramdb wflffia W-V. EPO (1 sng/mL oflot B) fiom 
ine product of me GnT-I and GnT-H reactions, after desalting on PXMLO columns sad 
subsequent concentration, was incubated wim 10 mU/mL QnT-V and 5 mMUDP-GlcNAc in 
100 ml MBS pH 6.5 containing 5 mM MnCI 2 and 0.02% sodium azide at 32°C for 24 to. 
2AA HPLC analysis demonstrated mat me conversion occuired with 92% efficiency (Figure 
103). 

After desalting (PD-10) and concentration, galactose was added wimrGalU: WO (1 
mgtoL) was incubated wim 0.1 U/mL GalTl, 5 mMUlDP-gdactose, 5 mMMnCfc ai 32°C 
fbr24hrs. 

) 'MMM. simal^sDS <d>1F in*<^dly-s^ Kf-^(sms ffironm EIFdDo A small aliquot 



arihranfficacMwasdialy^ J™ 
pore, 47 mmdia), which was floating on water. TledialyzedaKqEmtwasdriedina 
speedvac, redissolved in a small amount of water, and mixed wim a solution of 2,5- 
15 dmydrosybenzoic acid (10 g/L) dissolved mwate/acetonitnle (50:50). Themktarewas 
dried onto the target and analyzed using an Applied Biosystems DB-Pro MALDI-TOF mass 
spectrometer opiated in tfhe Ikeaofaegative-ion sacd©. OMgosacchmrid e s were assigned 
based on flu© observed mass4o-charge ratio and Mteraturepi©cedenc& 

Analysis of released gtycansbyMALM showed fisat galactose was added 
quantitatively to all available rites Pgmre 104). Galactosyl^ B^ 
purified by gel filtration on a Supsdex 1 .6/60 column in 50 mM 1Mb, 0. 1 5M Nad, pH 6. 

S8s%Batofi. After concmtration and desalting (PD40), lOmggalactosylatedBPO (1 
nog/ml) was incubated with ST3Gal3 (0.05 U/toL), and CMP-SA (3 mM) in 50 mM Tris, 
150 mM WaCl, pH 12 containing 0.02% sodium azide. A separate aliquot contained 
25 radiolabeled CMP-SA. The resulting incoapora^ 

isoaatic size exclusion chromatography/HPDC aU 05mUmsi in 45% MeOH, 0.1%TFA 
(7.8mm x 30 cm column, particle size 5^ TSK G2000SWxl, Toso Haas, Ansys 
Technologies, Lake Forest, GA). Using tins procedure, 12% of the counts were incoiporated 
(360 nucromolar, at 33 micromolar EPO, or about 10.9 moles/mole). Theoretical (3 N-linked 
sites, tri-antennary) is about 9 moles/mole mcorporation. These correspond within the limits 
of the method. In an identical reaction wim ST6Gall instead of ST3Gal3, 5.7% of the 



30 
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radiolabel was incorporated into the galactosylated EPO, or about 48% compared with 
ST3Gal3. 

B. GlvcoPEGyiation 
5 8. Preparation of CMP-SA-PBG 

This example sets forth the preparation of CMP-SA-PEG. 
Preparation of 2^enzyloxycart>oianiido)-glycylamide^2-deoxy4)- 
mannopyranose. N-ben2yloxycartK>nyl-gl^^ ester (3. 125 g, 102 

mmol) was added to a solution containing D-mannosamine-HCl (2 g, 9.3 mmol) and 
10 triethylamine (1.42 mL,10.2 mmol) dissolved in MeOH (10 mL) and H 2 0 (6 mL). The 
reaction was stirred at room temperature for 1 6 hours and concentrated using 
rotoevaporation. Chromatography (sffica,10% MeOH/CH 2 Cl 2 ) yielded 1.71 g<50% yield) of 
product as a white solid: Rf = 0.62 (sffica; CHa 3 :MeOH:H 2 0, 6/4/1); l H NMR (CD3OD, 
500 MHz) 5 324-3.27 (m, 2H), 3.44 (t, 1H), 3.55 (t, 1H), 3.63-3.66 (m, 1H), 3.76-3.90 (m, 
15 6H), 3.91 (s, 2H), 4.0 (dd, 2 H), 4.28 (d, 1H, J = 4.4), 4.41 (d, 1H, J - 3.2), 5.03 (s, 1H), 5.10 
(in, 3H), 7.29-7.38(m, 10H). 

Preparation of 5-(N-benzylosycart>oxamido)glycylamido-3 9 5-c^ 
D-galactD-2-nonulopyranosnronate. 2-(N-Benzjdoxycarboxamido) glycjdamide-2-deoxy- 
D-mannopyranose (1.59 g, 43 mmol) was dissolved in a solution of 0. 1 M HEPES (12 mL, 
20 pH 7.5) and sodium pyruvate (4.73 g, 43 mmol). Neuraminic acid aldolase (540 U of enzyme 
in 45 mL of a 1 0 mM phosphate buffered solution containing 0. 1 M NaCl at pH 6.9) and die 
reaction mixture was heated to 37 °C for 24 hr. The reaction mixture was then centrifuged 
and the supernatant was chromatographed (C18 silica, gradient from BfeO (100%) to 30% 
MeOH/water). Appropriate fractions were pooled, concentrated and the residue 
25 chromatographed (sffica, gradient from 10% MeOH/ CH 2 C1 2 to CH 2 Cl2/MeOH/ H 2 0 6/4/1). 
Appropriate fractions were collected, concentrated and the residue resuspeoded in water. 
After fieeze-drying, flie product (1.67 g, 87% yield) was obtained as a white solid: R*=0.26 
(sffica, CHQa/MeOH/HzO 6/4/1); ^NMR (D 2 0, 500 MHz) 8 1.82 (t, 1H), 220 (m, 1H), 
3.49 (d, IB), 3.59(dd, 1H), 3.67-3.86 (m, 2H), 3.87(s, 2H), 8.89-4.05 (m, 3H), 5.16 (s, 2H), 
30 7.45 (m, 5H). 
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B-galacto-2-nonulop^ (1.66 g 3-6 mmoi) was dissolved in 20 mL of 50% 

wafcrtnetiumoL Tfte flask was repeatedly evacuated an^ 

5 Pd/C (0225 g) was added. After irepeated evacuation, hydrogem (alKJiist 1 ato) was thea 
added to the flask and the reaction The reaction mixture was 

filtaed through ceilite, concmfcraaM by rotary evaporation and &&sz^Med to yield 124 g 
(100% yield) of product as a white sold: Re - 0.25 (silica, IPA/HaO/NHeOH 7/2/1); l H 
NMR (D20, 500 MHz) 8 1.83 ft, 1H, J = 9.9), 223 (dd, 1H, J - 12.9, 4.69), 3.51-3.70 (m, 

10 2H), 3.61(8, 2H), 3.75-3.84 (m, 2H), 3 J5-4.06(m, 3H). 

A solution containing 5-$ycyiamido-3,5-di^^ 

nouulopyranosuronate (0.55 g, 1 .70 mmoi) dissolved in 20 mL H 2 0 was added to a solution 
15 of Tris (138 g, 11.4 mmoi), 1 M MgPk (1.1 mL) and BSA (55 mg). The pH of the solution 
was adjusted to 8.8 with 1M NaOH (2 imL) and CTP-2Na + (223 g, 42 mmoi) was added. 
The reaction mixture pH was controlled wiflh a pH controller which ddiv^ed 1 M NaOH as 
needed to maintain pH 8.8. The fission protein (sialyltransfe^^ acid 
synthetase) was added to Hhe sohstiom wad the reaction mfatoe was stirred. s& room 
20 tempe^atae. Ate" 2 days, an addMcrf-aofcomfc of fission protein was siMed sE^^eiDSSction 
stixrod an additional 40 houss. The feactioa mistane was precipitated in EtOH and tfine 
precipitate was washed 5 times wife cold ESOH to yield 23 grams of a wMte sold. MmA 
1.0 g of the Grade product in 1,4 dioxan© (4mL), H a O (4 mL) and satarated 

NaHOp3 (3 mL) and a solution of FMOC-Q (308 m& 1 2 mmoi) dissolved in 2 ml diossane 
25 was added dropwise. Atestirringfc 

conceMrated to about 6 mL by rotary ©v^^ 

silica, gradient 100%H 2 Oto 30%MeOH/H2O). Appropriate fractions were combined and 
concentrated. The residue was dissolved in water- and freezendried to yield 253 mg of a white 
solid: Re = 0.50 (sffica, IP A/H2O/NH4OH 7>2fl); l H NMR (OA 500 MHz) 8 1.64 (dt, 1H, I 
30 = 12.0, 6.0), 2.50 (dd, 1H, J « 132, 4.9), 3.38 (d, J = 9.67, 1H), 3.60 (dd, J=l 1.65, 6.64, 1H), 
3.79 (d, J=4.11, 1H), 3.87 (dd, J= 1224, 1.0, 1H), 3.97 (m, 2H), 4.07 (td, J = 10.75, 4.84, 
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IB), 4.17 (dd, J- 10.68, 1.0, 1 H), 425 (s, 2H), 422 (t, J-4.4, 1H), 4.37 (t, J=5.8 1H), 4.6- 
4.7 (m, obscuredby solvent peak), 5.95 (d, J=4, 1 H), 6.03 (d, J=7.4, 1H), 7.43-7.53 (m, 
3H), 7.74 (m, 2H), 7.94 (q, J = 7, 3H) . MS (ES); calc. for Ca^sO,* flM-HD, 851 .7; 
found 850.0. 

Preparation of <ytitoe-5'-monophosphoryK5^cylaiiudo-3^di»xy^iK 
fi^^lx^cto-2-non^opyranosnronate). Diisopiopylaniine (83 uL, 0.587 umol) was 
added to a solution of cytidine-5'-monophosphoryi-[5-(N-fluorenyi- 
mi 



nonulopynmosuronate] (100 mg, 0.1 17 mmol) dissolved in water (3 mL) and methanol (1 
10 mL).Ihe reaction mixture was stirred 16 hat room temperature aiultbe reaction methanol 
removed from the reaction mixture by rotary evaporation. The crude reaction mixture was 
filtered through a C18 silica gel column using water and the efluant was collected and fieeze- 
dried to yield (87 mg, 100%) of product as a white solid: R, = 021 (silica, IPA/B 2 0/NH40H 
7/2/1); ^NMROJA 500 MHz) 8 1.66 (td, 1H, J =53), 2.50 (dd, 1H, J = 132, 4.6), 3.43 (d, 
15 J= 9.58, 1H), 3.63 (dd, J = 1 1.9, 6.44, 1H), 3.88 (dd, J= 11.8, 1.0, 1H), 3.95 (td, J= 9.0, 2.3, 
IB), 4.10 (t, J = 10.42, 1H), 4.12 (td, J= 1024, 4.66, 1 B), 4.18 (d, J= 10.36, 1H), 424 (m,' 
2H),4.31 (t, J=4.64, IB), 4.35 (t, lB),6.00(d, J = 4.37, lH),6.13(d, J-7.71, IB), 7.98 (d, 
J=*7.64, 1H). MS (ES); calc. for C^jHsjNsOuP dM-flD, 629.47; found 627.9. 

Preparation of cytidine^'-monophosphoryI-[5^-memoxy^lyoiyethylene-(l 
20 l^)-3-oxypropionanrido)-g^^ 

nonnlopyranosnronatej. l*«izynriazol-l-yloxy^^ 
hexafluorophosphate (BOP, 21 mg, 48 umol) was added to a solution of 
memoxypolyoxyethyleneKl KDa average molecular wdght>3-oxypiopionic acid (48 mg, 48 
umol) dissolved in anhydrous DMF (700 irL) and triemyiamine (13 uL, 95 umol). After 30 

25 mm, a solution containing <^dme-5'-moimpliosr^ 

fi6^©-galacto-2-imrndopy^ (30 mg, 48 umol), water (400 uL) and 

triemyiamine (13 uL, 95 umol) was added, Ihis solution was stirred 20 min at room 
terrrperature and then chromatographed (C18 silica, gradient of methanolAvater). Appropriate 
fractions were coUected, concentrated, foe residue dissolved in water and fteezedried to 

JO affora40mg(50%vield)ofawlritesolid: Rf= 026 (silica, IPAa 2 0/NH40H 7/2/1)- »H 
NMR (PA 500 MHz) 8 1 .66 (td, 1H, J =52), 2.50 (dd, 1H, J = 132, 4.6), 2.64 (t, J=5 99 
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3H) 3.43 (d, J - 9.58, 1H), 3.63 (m, 1H), 3.71 (s, 70H), 3.79<m, obscured by 3.71 peak), 3.82 
(t, J=6.19, IB) 3.88 (dd, J= 11.8, 1.0, 1H), 3.95 (td, J= 9.0, 2.3, 1H), 3.98 (t, J= 5.06, 1H), 
4.12 (td, J = 10 34, 4.66, 1 H), 4. 18 (d, J = 1036, 1H), 4.23 (d, J-4.85, 2H), 4.31 (t, J=4.64, 
1H), 4.35 (t, 1H), 6.00(d, J=4.55, 1 H), 6.13 (d, J = 7.56, 1H), 7.98 (d, J=7.54, 1H). MS 
(MALD1), observe [M- HJ; 15943, 1638.5, 1682.4, 1726.4, 17703, 1814.4, 1858.2, 1881.5, 
1903.5,19473. 

Preparation of cytidme^MnonophosphoryH^ 
KDa)^xycartM>xaiiudo)-glycy^ 

nonnlopyranosuronate]. Cytidine-S'-monophosphoiyHS-glycylaniido-a.S-dideoxy-P-I)- 
g/>Y^D-galacto-2-iK)iudopyranosun)iiate) (2.5 mg, 4 umol) and water (1 80 uL) was added 
to a solution of (Methoxypolyoxyettiylene-(10 KDa, average molecular weight)-oxycarbonyl- 
(N-oxybenzotriazole) ester (40 mg, 4 umol) in anhydrous DMF (800 uL) coiitaining 
triethylamine (1.1 ul> 8 umol) and me reaction mixture stirred for 1 brat room temperature. 
Tbe reaction mixture was then diluted with water (8 mL) and was purified by reversed phase 
flash chromatography (C18 silica, gradient ofmethanol/water). Appropriate fiactions were 
combined, concentrated, the residue dissolved in water and fteeze-dried yielding 20 mg (46% 
yield) of product as awhite solid: R, =035 (silica, IPA^O/N^OH 7/2/1); 'HNMRCPA 
500 MHz) 8 1.66 (td, 1H), 2.50 (dd, 1H), 2.64 (t, 3H) 3.55-3.7 (m, obscured by 3.71 peak), * 
3.71 (s, 488H), 3.72-4.0 (m, obscured by 3.71 peak), 4.23 (m, 3H), 4.31 (1, 1H), 435 (t, 1H), 
6.00(d, J=4.77, lH),6.12(d, J=732, 1H), 7.98 (d, J=7.89, 1H). MS (MALDI), observe ' 
[M-CMP+Na]; 10780. 

9. GlvcoPEGvlfltionofliiimimpihi. ^.derivedFSR 
This example illustrates the assembly of a conjugate of the invention. Follicle 
Stimulating Hormone (FSH) is desialylated and then conjugated with CMP-<siaKc acid>-PEG. 

Desialylation of Follicle Stimulating Hormone. Follicle Stimulating Hormone 
(FSH) (Human Pituitary, Calbiochem CatNo. 869001), 1 mg, was dissolved in 500 uL 50 
mMTris-Ha P H7.4,0.15MNaCl,5inMCaa 2 . This solution, 375 uL, was transferred to a 
small plastic tube and to it was added 263 mUNeurauunidase H (Vibrio cholerae). The 
reaction mixture was shaken gently for 15 hours at 32 °C. The reaction mixture was added to 
N-(p-aminophenyl)oxamic acid-agarose conjugate, 600 uL, pre-equilibrated with 50 mM 
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Itis-HClpH7.4, 150 mM NaCl and 0.05% NaN 3 and gently rotated 65 hours at 4 °C. The 
suspension was cenlri&ged for 2 minutes at 14,000 ipm and the supernatant was collected 
The beads were washed 5 times with 0.5 mL of the buffer and all supematants were pooled 
The enzyme solution was dialyzed (7000 MWCO) for 15 hours at 4 °C with 2 L of a solution 
containing 50 mM Tris -HQ pH 7.4, 1 M Nad, 0.05% NaNj, and thai twice for 4 hours at 4 
°C into 50 mM Tris -HCl pH 7.4, 1 M NaCl, 0.05% NaN 3 . The solution was concentrated to 
2 ng/jiL by Speed Vac and stored at -20 °C. Reaction samples were analyzed by IEF gels 
(pH 3-7) (Envitrogen) (Figure 105). 

Preparation of human pituitary-derived SA-FSH and FEG-SA-FoDicle 
Stimulating Hormone. Desialylated FSH (100 pg, 50 pL) and CMP-sialic add or CMP-SA- 
PEG (lkDa or lOkDa) (0.05 umol) woe dissolved in 13 5 pL H 2 0 (adjusted to pH 8 with 
NaOH) in 0.5 mL plastic tubes. The tubes were vortexed briefly and 40 mU ST3Gal3 (36.5 
pL) was added (total volume 100 pL). The tubes were vortexed again and shaken gently for 
24 hours at 32 °C. The reactions were stopped by freezing at -80 °C. Reaction samples of 15 
pg were analyzed by SDS-PAGE (Figure 106), IEF gels (Figure 107) and MALDI-TOF. 
Native FSH was also analyzed by SDS-PAGE (Figure 108) 

Analysis of SDS PAGE and IEF Gds of Reaction Products. Novex Tris-Gfycine 
8-16% 1 mm gels for SDS PAGE analysis were purchased from Invitrogen. 75 jiL (15 pg) 
of FSH reaction samples were diluted with 5 pL of 50 mM Tris-HO, pH 7.4, 150 mM NaCl, 
0.05% NaN 3 buffer, mixed with 1 5 pL sample loading buffer and 1 pL9Mp- 
mercaptoethanol and heated for 6 minutes at 85°C. Gels were run as directed by Invitrogen 
and stained with Colloidal Blue Stain (Invitrogen). 

FSH samples (15 pg)were diluted with 5 pL Tris buffer and mixed with 15 pL 
sample loading buffer (Figure 105). The samples were then applied to Isoelectric Focusing 
Gels (pH 3-7) (Invitrogen) (Figure 108). Gels were run and fixed as directed by Invitrogen 
and then stained with Colloidal Blue Stain. 

10. GlycoPEGvlation of recom binant FSH produced recombing ntly in CRQ 
ceUs 

This example illustrates the assembly of a conjugate of the invention. Disialylated 
FSH was conjugated with CMP-(sialic acid)-PEG. 
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Iftr^fflralffiflnn ©IT raMinnillpiniisMtt AsM©-F©ffidl© SttSninllajfi^m H^ininndDEatBo Recombinant 
Follicle Stimulation Honnone (zFSH) pinoduced from CHO was uased m these steadies. The 
7,500111 of Gonal^F was dissolved m 8 mL of water. The FSH solution w^didyzed in 50 
mM Tris-Hd pH 7 A 0.15 M Nad, 5 ml CaCfe and concentrated to 500 jaL in a CenMcom 
5 Plus 20 centrifugal filter. A portion of this solution (400 i&L) (~ 0.8 mgFSH) was transferred 
to a srynugJH plastic tube and to it was added 275 mil Nem^imiid ^ ]fT (Vibrio ribfemg). The 
reaction mktaie was mixed for 16 houzsa432°C. He reaction mixture was added to 
prewashed I^^aminopheny!)oxamic atid-agaxose conjugate (800 jiL) and gently rotated Sir 
24 hours at 4 °C. ThemixtoewascCTirifbgedat 10,000 tpm and the supernatant was 
10 collected. The beads wore washed 3 tiroes with 0.6 nsL Ms-EOTAbuflfe, once wMn 0.4 mL 
Tris-EDTA buffer and once with 0.2 jmL of flue Tris-EDTA bluffer and all supematants were 
pooled. ThesupemataMwasdMyzedat4Tagain^ 

NaCl, 0.05% NaN 3 and then twice more against 50 mM Tris -HQ pH 7.4, 1 M Nad, 0.05% 
N2N3. The dialyzed solution was tfhen concentrated to 420 in a Centricon Plus 20 

15 centrifugal filter and storedat -20 °C 

Native and desialylated iFSH samples were analyzed by SDS-PAGE and EEF (Figure 
109). Novex Tris-Gfycin© 8-16% 1 mm gels wera purchased &om Mvitoogen. Samples (7.5 
pL, 15 iig) sauries were diluted wfflk 5 pL of 50 mM Tris-HQ, pH 7.4, 150 mM Nad, 
0.05% NaMj foufifer, mkdwM 15 j*L sample loading buffer and 1 pL 9 M 0- 

20 mereaptos&anol and Ihested for 6 miraite at 85 "C Gels were nm as dim^tedby ismtrngm 
andstained with Colloidal BlueStaim (favitrogen). Isoelectric Focusing Gels (pH 3-7) were 
purchased fiomlo^^ Samples (7.5 pL, 15 mg)were diluted withS ^LTrisbuffeand 
mixedwSh 15 jiLsaniple loading buffer. Gels w^re loaded, mm and fixed as dimmed by 
Invitrogen. Gels wise stained with Colloidal Btoe Stek. Sauries of native and desialylated 

25 FSH were also dialyzed against water sand analyzed by MALDI-TOF. 

SMyC-IHE(I^to<t2(D)iiii cdIT inse^ianlbSmsiHitt IFbMdl© StSteiolIsiitSm M<dud®]]d& Desialylated 
FSH (100 fig, 54 jiL) and CMP-SA-PBG (1 kDa or 1 OKDa) (0.05 janol) were dissolved in 28 
fiL 50 mM Tris-HO, 0.15 M Nad, 0.05% NaN 3 , pH 72 in 0.5 mL plastic tubes. Hie tabes 
were vortexed briefly and 20 mU of ST3Gal3 was added (total volume 100 j*L). Thetubes 

3 0 were vortexed again, mixed gently for 24 hours at 32 °C and the reactions stopped by freezing 
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at-80°C. Samples of this reaction were analyzed as described above by SDS-PAGB gels 
(Figure 110), BEEF gels (Figure 111) and MALDI-TOF MS. 

MALDI was also performed on the PEGylated rFSEL During ionization, SA-PEG is 
eliminated fiom the N-glycan structure of the glycoprotein. Native FSH gave apeak at 
5 13928; AS-rFSH (13282); resialylate r-FSH (13332); PEGlOO-rFSH (13515; 14960 (1); 
16455 (2); 17796 (3); 19321 (4)); and PEG 10000 (23560 (1); 24790 (2); 45670 (3); and 
56760(4)). 

11 Pharmacoki netic Study of GlvcoPBGylated FSH 
This example sets forth the testing of the pharmacokinetic properties glycoPEGyiated 
Follicle Stimulating Hormone (FSH) prepared according to the methods of die invention as 
compared to non-PEGylated FSH. 

FSH, FSH-SA-PEG (lKDa) and FSH-SA-PEG (10 KDa) were radioiodinated using 
standard conditions (Amersham Biosciences, Arlington Heights, EL) and formulated in 
phosphate buffered saline containing 0.1% BS A After dilution in phosphate buffer to the 
appropriate concentration, each of the test FSH proteins (0.4 jig, each) was injected 
intravemeously into female Sprague Dawley rats (250-300 g body weight) and blood drawn 
at time points from 0 to 80 hours. Radioactivity in blood samples was analyzed using a 
gamma counter and the pharmacokinetics analyzed using standard methods (Figure 112). 
FSH was cleared fiom the blood much more quickly than FSH-PEG(lKDa), which in turn 
was clear somewhat more quickly than FSH-PEG(1 OKDa). 

12. Bioassav for FSH peptides 
This example sets forth a bioassay for follicle stimulating hormone (FSH) activity 
25 based on cultured Sertoli cells. This assay is useful to determine the bioactivity of FSH after 
glycan remodeling, including glycoconjugation. 

This bioassay is based on the dose-response relationship that exists between the 
amount of estradiol produced when FSH, but not lutenizing hormone (LH) , is added to 
cultured Sertoli cells obtained fiom immature old rats. Exogenous testosterone is converted 
30 to 17p-estradiol in the presence of FSH. 
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13, GlycoPBGylafiQiDi of Traasferin 
This example sets forth 1&e" preparation of a^otossfem and its sialyMoa with 
PEG-CMP-saalic add. 

IPirqpsiirato^ Hraian-derived holo-Tmisfemn, (10 mg) was 

5 dissolved m 500 piL of 50 nMNa©^ To this solution was added 

500 mtU Nemammdase II (Vibrio choierae) ^ lite ireactionmktos was shaken geotfy for 
20.5 hours at 37 <a C. The reaction misfliare 

axninopheaiyl)o2amic acid-agarose conj ugate (600 mL) and the washed beads gently irotated 
for 24 hours at 4 °C. The mixtae wsss c^Mfiiged at 10,000 irpm and tihesupemataat was 

10 collected. The reaction mixture was adjusted to 5 mM EDTA by addition of 100 pLof30 
mM EDTA to the washed beads, which wese gea% irotated for 20 horas aft 4 T. The 
suspension was ccaifcrifuged for 2 was collected. 

The beads were washed 5 times wifla035 mL of 50 mMNaOAc, 5 wM CaCl2> 5 ebM 
EDTA, pH 5.5 and all supematants were pooled The enzyme solution was dialyzed twice at 

15 4 °C into 1 5 mM Tris-HQ, 1 M NaCl, pH 7.4. 0.3 mL of the transferrin solution (3.3 mL 
total) was removed and dialyzed twice against water. The remainder was dialyzed twice 
more at 4 ^ against phosphate burffeed saline. The dialyzed ©oktiom was stored at -20 9 C. 
Protein samples were analyzed by MF HectoopkM^is. Samples (9 pL* 25 i^wemdiMed 
with 16 Tids todSfer mid mixed with 25 pL of fine sample loading buaiBfer and supplied to 

20 Isoelectric Focusing Gels (pH 3-7). Gels w^e mm said feed raising standssnd pxoceritam Gels 
were stained with Colloidal Blue Stain. 

SMyD-^^ Besialylfflted transfarin (250 pg) and 

CMP-siaiic add or CMP-SA-PBG (IKDa or 10kDa)(0.05 jotoI) was© dissolved m 69 jaL SO 
mM Ma-BO, 0.15 M Nad, 0.05% NaW3, pH 7.2 in 1.5 mL plastic foiibes. Thetabesweae 

25 vortexed briefly and 100 mU ST3Gal3 (90 ^ L) were arikfod (total volume 250 ^ L). The 
tubes werevoxteed again md mixed gently for 24 hours a£32°C. The reactions were 
stopped by freezing at -80 °C. Novex Tris-Glycine 8-16% 1 mm gels were used forSDS 
PA(lianalysis (Figure 114). Samples (25 pL»25 pgjwe^mked with 25 pL of sample 
loading buffer and 0.4 pLof P-mm^todhanol and heated for 6 miniates at 85 °C. Gels 

30 were run using standard conditions and stained with Colloidal Blue Stain. BBF gels were also 
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performed as described above Figure 115). Samples were also dlMyzed against water 
analyzed by MALDI-TOF. 

tennis. MAJLDI was also peribnmed. Native transferrin (78729); asMoteamfesrim 
(78197); resialylated transftsrin (79626/80703); with SA-PEG Ik (79037 (1); 80961 (2); 
5 82535 (3); 84778 (4)); with SA-PEG 5k (90003 (2); 961 17 (3); 961 17 (4)); with SA-PEG 10k 
(100336(2); 111421.(3); 122510(4)). 

• 14. GlvcoPBQvlation of Recombinant Fiai^vnaprodttccdmBHKcete 
This example sets forth the PEGylaiion of recombinant FactOT Vila made in GEO 

10 cells. 

Iftrap aorattSeim tuff AsM(D>-Fa(^ir VMsl Recombinant Facte VHa was produced in 
BHK cells (bftoybamstekiitoeycdis). Factor VHa (14.2 mag) was dissolved alt Imgtolin 
buffer solution (pH 7.4, 0.05 M Tris, 0.15 M NaCl, 0.001 M CaCfe, 0.05% NaN 3 ) and was 
incubated with 300 mU/mL sialidase (Vibrio cfofera)-agarose conjugate for 3 days at 32 °C. 

15 To monitor the reaction a small aliquot of the reaction was diluted with the appropriate buffer 
and an IEF gel performed according to Invitrogen procedures (Figure 116). The mixture was 
centrifuge at 3,500 rprnaM Theresin was washed thine© 

times (3*2 mL) with fee above buffiar soMotl ( pH 7.4, 0.05 M Tris, 0.15 M Nad, 0.05% 
NaiNs) end the combined washes wise ©OTcratotedl in a GEnMcon-Ptos--20. Ihemmainimg 

20 solution was biito 

final volume of 14.4 mL. 

PirqpgiimffiaDm ©IT Efoctoir WMA-IPISG (1 KB)a amndl 1© ESDsa)o The desMyiation 
nFactor VHa solution was spft into toro ©qusJl 7.2 ml samples. To each sample was added 
etoCMP-SA-5-PEG(l^ ST3GaB 

25 (1 .58U) was added to both tubes and the reaction mixtures wear© incubated at 32°C for 96 his. 
The xeaction was monitored by SBS-PAGB gel using reagents and conditions described by 
Invitrogen. When fee reaction wasoomplete, the reaction mixture was purified using a Toso 
Haas TSK-Gel-3000 preparative column using PBS buffer (pH 7.1) and collecting fractions 
based on UV absorption. The combined fractions containing the product woe concentrated 

30 at 4°C in Centricon-Pks-20 centrifugal filters (Mllipore, Bedford, MA) and fee concentrated 
solution reformulated to yield 1.97 mg (bicinchoninic acid protein assay, BCA assay, Sigma- 
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Aldrich, SL Louis MO) of Factor VHa-PEG. The product of foe reaction was analyzed using 
SOS-PAGE and DBF analysis according to the procedures and reagents supplied by 
Ihvitrogen. Samples wet© analyzed against water and analyzed by MALBI-TOF. Figure 117 
- shows the MALM results for aative Factor Vila. Mgure 1 1 8 contains the MALDI results for 
5 . Factor Vila PEGyiated wifo IKDa PEG where peak of Factor VHa PEGyiated with IKDa 
PEG is evident Figure 119 contains foe MAIM results for Factor Vila PEGyiated wifo 
lOKDa PEG where apeak for Factor Vila PEGyiated with lOKBa PEGis evident Figure 
120 depicts the SDS-PAGB analysis of all of the reaction products, where a band for Factor 
Vm-SA-PEG(10-KDa) is evident 

10 

15. Gh/raPHiT?vla£iont of Factor IX nrothiced m CHO calls 
This example sets forth foe preparation of asialoFactor IXanditssialyJationwith 
PEG-CMP-siaMc acid. 

* 

©esMyflatlnoiis off rFadtor BL A recombinant form of Coagulation Factor IX (rFactor 
15 IX) was made in GEO cells. 6000 IU of rFactor IX were dissolved m a total of 12 mL USP 
H2O. This solution was transferred to a Centricon Plus 20, PL-10 centrifugal filter with 
anofoer 6 mL USP H 2 Q. The solution was concentrated to 2 mL and then diluted with 15 mL 
50 mM Tris-HCl pH 7.4, 0.15 M Nad, 5 ml CaCfe, 0.05% NaN 3 and foen reconcenirated. 
The diMos/conceutration was sweated 4 times to effectively change the buffer to a final 

20 volume of 3.0 mL Of this solution, Z9mL (about 29 mg of rFactor K)wasteansfejredtoa 
small plastic tube and to it was added 530 mU c2-3,6,8-Neutaminidas©- agarose conjugate 
(Vibrio choleras, Cafoiochem, 450 uL). The reaction mixture was rotated gently for 26.5 
hoursat32 8 C. The mixture was csntrMuged 2 numn^ at 10,000 rpmaM foe supernatant 
wascoHected. The agarose beads (containing neuramMdase)weOT washed 6 times wifoO^ 

25 mL 50 mMTris-HOpH 7.12, IMNaCL 0.05% NaN 3 . The pooled washings and . 
supernatants were craitrifuged again for 2 minutes at 10,000 rpm to remove any residual 
agaroseresin. The pooled, desMylated protein solution was diluted to 19 mLwifo the same 
buffer and concentrated down to~2mL ina Cmbdcon Plus 20 PL10 centrifugal filte. The 
solution was twice diluted with 15 mL of 50 mM Tris-HCl pH 7.4, 0.15 M NaCl, 0.05% 

30 NaN 3 and reconcenirated to 2 mL. The final desialyated rFactor IX solution was diluted to 3 
mL final volume (-10 mg/mL) with the Tris Buffer. Native and desialylated rFactor IX 
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samples weaeamalyzed by IEF-Mectrophoresi& Isoelectric Focos5ngGek(pH 3-7) ware 
w cm g 1 5 (1 S jifft samples first diluted with 1 0 uL Tm baffler and mixed with 12 |it 
sample loading buffer. Gels were loaded, nm and fixed using standard procedores. Gels 
were stained with Colloidal Bine Stain (Figure 121), showing a band for desialylated Factor 
5 DL 

IPrepaimtlfloBa off WEG (1 EdBa audi W HD)si>SA-Ffflctor EL BesMylated rFactar-IX 
(29 mg, 3 rnL) was divided into two 1 .5 mL (1 4.5 mg) samples in two 1 5 mL centrifog© 
tabes. Eadi solution was diluted with 12.67 mL 50 mM Tris-HQ pH 7.4, 0.15 M Nad, 
0.05% NaN3 and either CMP-SA-PEG-lk or 10k (725 nmol) was added. The tubes were 

10 inverted geafly to nm and 2.9 UST3GaB The 
tubes wese invented again and rotated gen% for 65 hours at 32 °C. The reactions wes© 
stopped by freezing at -20 °C 10 jig samples of the reactions were analyzed by SBS-PAGB. 
The PEGyllated proteins wore purified on a Toso Haas Biosep G3000SW<21.5 x 30 cm, 13 
ran) HPLC column with Dulbecco's Phosphate Buffered Saline, pH 7.1 (Gibco), 6 mlimin. 

15 'The reaction and purification were monitored usin^ NovexTris- 
Glycine 4-20% 1 mm gels wem loaded with 10 yJL (10 fig) of samples after dilution with 2 
jiL of 50 mM Tris-HO, pH 7.4, 150 mMNaCi 0.05% NaN 3 tafi^ «d mixing wMn 12 j*L 
sample loading bufl&r and 1 [dL0.5 MDTT and heated for 6 minutes st 85 °C. Gelswere 
stained withGoHoidalBloe Stain (Fignre 122) showing a band for PEG (1 IdDaamd lOHDa)- 

20 SA-FactorBL 

16, Direct SMvi-GlTOoPEGvMosi of Factor-IX 
TMs sample sets forth tBhe prqprailfim of sial^gSycoPBGstodon of peptides without 
prior sialdase treated Here, Facter-IX is Hhe raraipkry p^?tid©. 

25 Msm& SM^WQfMkm (1(D) KD&) ©ff FsctoiP-nSo Factor IX (1100 IU) was 

dissolved in 5 mL of 20 wM histidine, 520 mM glycine buffer containing 2% sucrose, 0.05% 
NaN3, and 0.01% polysorbate 80, pH 5.0. Hie CMP-SA-PBG (10 KDa) (27.8 mg, 3.5 pmol) 
was then added to this solution, the reaction mixture inverted gently to mix and 1 .4 U of 
ST3Gal3 was added. The reaction mixture was mtated^gentlyfor 19hoursat32°Candiie 

30 reaction was stopped by freezing. The reaction mixture was analyzed by SDS-PAGE gels 
using development and staining (Colloidal Blue) conditions described by Invitrogen. Briefly, 
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samples (10 jd.) were mixed with 12 pL sample loading buffer and 2 \jL 0.5 MDTTand 
heated for 6 minutes at 85 °C(Figore 123, lanes 8, 9 and 10). The product was purified on a 
Superdex 200 10/20 column (Amersham, Uppsala, Sweden) column with Dulbecco's 
Phosphate Buffered Saline, pH 7.1 (Gibco), 6 ml/min. Figure (Figure 123 contains a band 
5 (lane 5) of the HPLC-purified PEGyiated Factor-DC 

17. Sialic Acid Capping of GlvcoPEGvlated Factor DC 

This examples sets forth the procedure for sialic acid capping of sialyl- 
gJycoPEGylated peptides. Here, Factor-IX is the exemplary peptide. 

10 Sialic acid capping of N-linked and O-finked Glycans of Factor-K-S A-PEG 

(lOKDa). Purified r-Factor-IX-PEG (10 EDa) (2.4 mg) was concentrated in a Centricon® 
Phis 20 PI^IO (Millipore Corp., Bedford, MA) centrifugal filter and fee buffo- was changed 
to 50 mM Ttifr-HCl pH 7.2, 0.15 MNaCl, 0.05% NaN 3 to a final volume of 1.85 mL. The 
protein solution was diluted with 3 72 pL of the same Tris buffer and 7 .4 mg CMP-SA (1 2 

15 pmol) was added as a solid. The solution was inverted gently to mix and 0.1 U ST3Gall and 
0.1UST3Gal3 were added. The reaction mixture was rotated gently for 42 hours at 32 °C. 

A 10 jig sample of the reaction was analyzed by SDS-PAGE. NovexTris-Glycine4- 
12% 1 mm gels were performed and stained using Colloidal Blue as described by Invitrogen. 
Briefly, samples, 10 pL (10 pg), were mixed with 12 pL sample loading buffer and 1 pL 0.5 

20 MDTTai^ heated for 6 minutes at 85 °C (Figure 123, lane 4). 

18. GlvcoPEGviation of Proteins ^t^pA m KfrnrnnnliflTi or Tiigftf* 3^**™' 

EPO. Interferon a and Inlet feron fl 
This example sets forth the preparation of PEGyiated peptides that are expressed in 

25 mammalian and insect systems. 

Preparation of acceptor from mammalian expression systems. The peptides to be 
glycoPEGyiated using CMP-sialic acid PEG need to have glycans t ermina t in g in galactose. 
Most peptides from mammalian expression systems will have terminal sialic acid that first 
needs to be removed. 

30 Sialidase digestion. The peptide is desialyiated using a sialidase. Atypical 

procedure involves incubating a 1 mg/mL solution of the peptide in Tris-buffered saline, pH 
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7.2, with S mM CaQ 2 added, with 0.2 U/mL immobilized siaEdase &om Vibrio cholera 
(Calbiochean) aft 32°C for 24 honors. Mcrebial growth can be halted eifiier by sterile filteataoia 
or the inclusion of 0.02% sodium-azide. The resin is then removed by centrifogation or 
filtration, and then washed to recover entrapped peptide. At this point, EOTA may be added 
5 to the .solution to inhibit any sialidase that has leached from the resin. 

IPrapairfflilH©ii3i ffiromi nnns(S(sfl (sspins&siflM! systemn&o BPO, mterferon-alpha, and 
mtoferon-beto may also be espressed in non-mamma alian systems such as yeasty plants, or 
insectcells. Tite peptides to be ^ycoPBGyl^^ 

glycans terminating in galactose. The majority of file N-gJycans on peptides expressed in 
10 insert cells, for example, are the tbrimannosyl core. These glycans sre first built oust to 
glycans terminating in galactose before they are acceptors for sMyltansferase. 

Bnafflldlmmg awsceiptoir gBycams ffimwnm ftiriiirTOTMq&gyl] ©bit©. Peptide (1 mgftnL) in TMs- 
"* buflferedsal^ 

GLCNACT I, 0.05 U/mL GLCNACT II, is incubated at 32°C for 24 hours or until the 

1 5 reaction is substantially complete. Microbial growth can be halted either by sterile filtration 
or the inclusion of 0.02% sodlran azide. After buffer exchange to remove UDP and other 
small molecules, tjpp-galactose and MnCk are each added to 5 mM, gatectosyteansferase is 
added to 0.05 U/mL* and is incdbated at 32*C fa24H or wtitil the reaction is substantially 
complete. McsobM gmwi cm to© halted sitter by sterile filtration ot flue inclusion of 0.02% 

20 sodium azide. The peptides ©re then ready for glycoPHGyiatioE. 

IBmildEnng (DVIlMkedl gflyranns* A similar strategy may be raiployed for interferon alpha 
to prodoce enzymfitacally the desired G-glyc&n Gail-GalNAc. If necessary, GaSNAc linked to 
serin© or threonine cm be addled to the peptide miskg apprepriat© peptide GaSNAc 
taosfaases (e.g. GalNAc Tl, GaMAc T2, T3, T4, eto. ) andUDP-GalNAc. Also, if needed, 

25 galactose can be added nsmgg^la^ 

Oye©PE(G^teiti5(D>m msSmg sM^Mirsmsfeffas©,, The glycopeptides (1 mgfeaL) bearing 
terminal galactose in Tris burred saline + 0.02% sodium azide are incubated with CMP-SA- 
PEG (0.75 mM) and 0.4 U/mL sialjdteansferase (ST3Gal3 or ST3Gal4 for N-glycans on EPO 
and interferon beta; ST3Gal4, or STSGall forO-glycansoninter^nalpha) at32Tfor24 

30 hours. Other transferases that may wox& include the 2,6 sMyltransferase from 

Photabac&eriism damseUa. The acceptor peptide concentration is most preferably in the range 
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of 0.1 mg/mL up to the solubility limit of the peptide. The concentration of CMP-SA-PEG 
should be sufficient for there to be excess ova* the available sites, but not so high as to cause 
peptide solubility problems due to the PEG, and may range from 50 pM up to 5 mM, and the 
temperature may range from 2°C up to 40°C. The time required for complete reaction will 
5 depend on the temperature, the relative amounts of enzyme to acceptor substrate, the donor 
substrate concentration, and the pH. 

19. GlvcoPEGvlation of EPO produced in insect cells 
This example sets forth the prepartion of PEGylated biantennary EPO from insect cell 
10 expressed EPO, 

Recombinant human erythropoietin (rhEPO) from the baculovinis/S© expression 
system (Protein Sciences Corp., Meriden, CT) was subjected to gjycan analysis and the 
resulting glycans were shown to be primarily trimannosyl core with core fucose, with a small 
percentage of glycans also having a single GlcNAc (Figure 124). 
15 Addition of N-acetylglucosamine with GnT-I and GnT-II. Two lots of rhEPO (1 

mg/mL) were incubated with GnT-I and GnT-II, 5 mM UDP-glcNAc, 20 mM MnCl 2 , and 
0.02% sodium azdde in 100 mM MES pH 6.5 at 32°C for 24h Lot A contained 20 mg of 
EPO, and 100 mU/mL GnT-I and 60 mU/mL GnT-II. Lot B contained 41 mg of EPO, and 41 
mU/mL GnTT + 50 mU/mL GnT-IL After the reaction, the sample was desalted by gel 
20 filtration (PD10 columns, Pharmacia LKB Biotechnology Iho, Piscataway, NJ). 

Glycan profiling by 2AAHPLC revealed that lot A was 92% converted to a 
bianteimary structure with two GlcNAcs (the balance having a singje glcNAc . Lot B showed 
97% conversion to the desired product (Figure 102A and 1 02B ). 

Galactosylatkm of EPO lot A* EPO (-16 mgs of lot A) was treated with GnTH to 
25 complete the addition of GlcNAc. The reaction was carried out in 50 mM Tris pH 7J2 

containing 150 mM NaCl, EPO mgfrol, 1 mMUDP-GlcNAc, 5 mM MnCfc, 0.02% sodium 
azide and 0.02 U/ml GnTII at 32 C for 4 hrs. Then galactosylation of EPO was done by 
adding UDP-galactose to 3 mM and GalTl to 0.5 U/ml and the incubation continued at 32 C 
for 48 hrs. 

30 Galactosyiated EPO was then purified by gel filtration on a Superdex 1.6/60 column 

in 50 mM Tris, 0.15M NaCl, pH 6. The EPO containing peak was thai analyzed by 2AA 
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HPLC. Based on the HPLC data -85% of the glycans contains two galactose and ~15% of 
the glycans did not have any galactose after galactosylatian reaction. 

SnaDylaffiaim ©IF gaMctosyllsitiedl IEIPOo Sialyiation of galactosyiated EPO was carded 
out in 100 mM Tris pH containing 150 mMNaO, 0.5 mgfoil EPO, 200 mU/ml of ST3Gal3 
5 and either 0.5 mM CMP-NAN or CMP-NAN-PEG (1 KDa) or CMP-NAN-PEG (10 KDa) for 
48fasat32 C Almost aU of the glycans that have two galactose residues wesefblly 
sialylated (2 sialic acids / glycan) after sialyMon reaction with CMP-NAK MALDI-TOF 
analysis confirmed the BQPLC data. 

PEG^tettidMi <&ff g ActosyBattedl ISP©* For PEGylation reactions using CMP-NAN- 

10 PEG (1 KDa) and CMP-NAN-PEG (10 KDa), an aliquot of the reaction mixture was 

analyzed by SBS-PAGE (Figure 125). The molecular weight of the EPO peptide increased 
with the addition of each sugar, and increased more dramatically in molecular weight after 
the PEGylation reactioias. 

Em w&ra Moassay ©ff EPO* In vitro EPO bioassay (adapted from Hammeding et al, 

15 1996, J. Phann. Biomed. AnaL 14: 1455-1469) is based on the responsiveness of the TF-1 
cell line to multiple levels of EPO. TF-1 cells provide a good system for investigating the 
proliferation and diSfenrntiation of myeloid progenitor cells. This ceE line was established by 
T. Kftamura et aL in October 1 9 87 fiom a heparinized bone marrow aspiration sample fern a 
35 year old Japanese male with severe pmcytopesria. These cells are completely dependent 

20 on tterieukm 3 or Granidocyt^macsophage colony-stimulating factor (GM-CSF). 

' The TF-1 cell line (ATCQ, Cat No. CRL-2003) was grown in SPMI + FBS 10% + 
GM-CSF (12 ng/ml^ C5%CQ2. The cells were in suspension at a 

concesifcrsdtion of 5000 oels/ml of media, and 200 pi weire dispensed in a % well plate. The 
cells were incdjatei with variolas concentrations of EPO (0.1 pgftnl tolO pgM) for 43 horns. 

25 AMTT Viability Assay was then done by adding 25 &d of MTT at 5 mg/ml (SIGMA 
M565 5), isobating the plate at 3 7°C for 20 min to 4 hours, adding 1 00 jd of 
isopropanol/HCl solution (100 ml isopiopanol + 333 jd HQ 6N), reading the OD at 570 nm, 
and 63 Onm or 6900m, and subtracting the readings at 630 nm or. 690 nm fiom the readings at 
570 Din. 

30 Figure 126 contains the results when sialylated EPO, and EPO glycoPEGyiated with 1 

KDa or 1 0 KDa PEG was subjected to an m vitro EPO bioactivity test The EPO 
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glycoPEGylated with IKDa PEG had almost to same activity as to imglycoPBGyiated EPO 
whenltoihwe^ataconcentr^^ The EPO glycoPEGylated wifli 

lOKDa PEG had approiriinately half the activity of the ungJycoPEGylated EPO whea both 
were e£ a concentration of approximately 5 jig/ml. 

5 

20. GlvcoPBGvlatioB of lati^feroiri a produced in GEO cells 
Fmg]paratt5(oini ©ff AdMcnltoteirff^m <Eo Interferon alpha produced from CHO cells is 
dissolved at 2.5 mgfmL in 50 bhM Tris 50 mM Tris-HCl pH 7.4, 0.15 M NaCl, 5 mM CaCfc 
and concentrated to 500 1^ in a Ce^con The solution is 

10 incubated with 300 mU/ridi»Ncuraii^ To 
monitor the reaction a snail aliquot of the reaction is diluted with the appropriate buffer and a 
EFgdperibmed. The reaction 

aminophenyl)oxamic add-agarose conjugate (800 j*L/mL reason volume) and the washed 
beads gently rotated for 24 hours a* 4 °C. The mixture is ceotrifuged at 10,000 ipm and to 
15 supernatant was collected The beads are washed 3 times with Tris-EDTAbu^r, once with 
0.4 mL Tris-EDTA buffer and once wMi 0.2 mL of to Tris-EDTA huffier and all 
supemaiantswere pooled. The supernatant is dMyz©d at 4 °C against 5 0 wM Tris -HQ pH 
7.4, IMNaO, 0.05% NaN 3 and ton fcw^^ 

NaO,0.05%NaE^. The dialyzed solution is thm coiny^ a GsnMconPtas 20 

20 ceffitrifbigaa Tfoe©raKMOTS&rto 

procedures and reagesndtsp^vidMbyfovitrogst Samples of native and desM)dated G-CSF 
are dialled against waste and analyzed by MALDI-TOF MS . 

]Rrqpairai3S©m ©fftotorfBB^ Besialylated intatoon- 

alpha is dissolved at 2.5 mgfmL m 50 mM Ms-HO, 0. 15 M Nad, 0.05% NaNs, pH 7.2. 

25 The solution is incubated with 1 mM CMP-sialic arid-PEG and 0.1 U/mL. of ST3Gall a4 
32°C for 2 days. To monitor to incosporation of sialic acid-PEG, a small aliquot of to 
reaction had CMP-S A-PBG-ftaoresceat ligand added; to label incorporated into to peptide 
is separated from to free label by gel filtration on aToso Haas G3000SW analytical column 
using PBS buffer (pH 7.1). The fluorescent label incorporation into to peptide is quantitaied 

30 using an in-line fluorescent detector. After 2 days, the reaction mixture is purified using a 
Toso Haas G3000SW preparative column using PBS buffer (pH 7.1) and collecting fractions 
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based on UV absorption. The product of the reaction is analyzed using SBS-PAGB sod 3QEF 
aMysis according to the prc^ San^les of native 

and desialylated Merfkon-a^ha are dialled against water and analyzed by MAIM-TOF 
MS. 

5 jftrqpairatffom ^ Xnterferon-aSpha 

. produced in CHO, winch contains an alpha2^-sialyiat@d O-linked gfycan, is dissolved & 2.5 
• mg/mL in 50 smM Tris-HCl, 0.15 M NaCl, 0.05% NaN 3 , pH 7.2. The solution is incubated 
with 1 mM CMP-sialic acid-PEG and 0.1 U/naL of CST-2I at 32°C for 2 days. To monitor the 
incorporation of sialic acid-PEG, a small aliquot of the ruction has CMP-SA-PEG- 

10 fluorescent figand added; the label incorporated in^ 

label by gel filtration on a Toso Haas G3 O0OSW analytical column using PBS buffer (pH 
7.1). Hie fluorescent label incorporation into the peptide is qtsantiMed using an in-line 
fluorescent detector. After 2 days, the reaction mixta© is purified raskg a Toso Haas 
G3000SW preparative column using PBS buffs' (pH 7.1) and collecting fractions based on 

15 UV absorption. The product of to reaction is analyzed using SBS-PAGE and IEF analysis 
according to the procedures and reagents sispplied by InvitogerL Samples of native and 
PEGyteted intorf en>B-alpta are dialyzed against water and analyzed by MALBI-TOF MS . 

jftrajpairaffiM Merfaon-alpha, 
containing oMyO^Kn^ 

20 NaO, 0.05% NaN3,pH 7.2. He solution is incubated with 1 beM CMP-^i^c add-PBG and 
0.1U/mLofST6GaSNAcIornat32 o Cifcfr2days. To monitor &e incorporation of sialic 
acid-PEG, a small aliquot of tihe reaction had CMP-SA-PBG-fftaorescost Mgand added; (She 
label incorporated into peptide is separata! from tffiie fos label by gel ffltation on a Toso 
Haas G30C0SW analytical column using PBS buffer (pH 7.1). The tftorescent label 

25 incoiporation into the peptide is qomtiteted mskg sn in-line Ewwvs&wt detatar. Ate 2 
days, the reaction mixture is purified ysmg a Toso Haas G3000SW preparative column issing 
PBS buffer (pH 7. 1) and collecting fractions based on UV absorption. The product of the 
reaction is analyzed using'SBS-PAGE and IEF analysis according to the procedures and 
reagents supplied by Xnvitrogen. Samples of native and PBGylated intoferan-alphE are 

30 dialled against water and analyzed by MALDX-TOF MS. 



-365- 



WO 03/031464 PCT/UJS02/32263 



21. GlvcoPBGvMon of G-CSF isroduced in CHO cells 
IPirqp2HraM(» G-CSF 
produced in CHO cells is dissolvaiat2J mg/mLin SOmMTris 50 mMTris-HCllpH7.4, 
0.15 MN&C1, 5 mM CaCl 2 aM concentrated to 500 [tL in a CentriconPlus 20 centrifugal 
5 filter. The solution is incubated with 300 mU/mL Neuraminidase U (Vibrio cholerae) for 16 
hoursat32°C. To monitor flhereaction a smallaliquot of the reaction is diltated wife &e 
appropriate buffer an^ The reaction mixture is then added to prewashed 

N-(p-aminophmyi)oxamic acid-agarose conjugate (800 pL/mL reaction volume) and flue 
washed beads gently rotated for 24 hours at 4 °C. The mixture is centeifuged at 10,000 rpm 

10 and the supernatant was coUec^ The beads are washed 3 times wtthl^EDTAboffaTp 
once with 0.4 mL Tris-BBTA buffer and once wffli 0. 2 mL of the Tris-EDTA buffer and Ml 
sup&natants are pooled. The siupematant is dialyzed at4^agasnst50nMTris^QpH 
7.4, lMNaO, 0.05% NaN 3 and then twice more against 50 mMTris^KClpH 7.4, 1M 
Nad, 0.05% NaN 3 . The dialyzed solution is then concentrated using a Centricon Plus 20 

15 centrifugal filter and stored at -20 °C. The conditions for the IEF gel were run according to 
the procedures and reagents provided by Invitrogen. Samples of native and desialylated 
CSFaae dialyzed agsix^ 

IPffcqpairA Besialykted G-CSF was dissolved 

at2.5mgtoin50mMTMfi-HC^ Ihe solutionis 

20 incubated wifin 1 wM CMP-sMic add-PEG and 0.1 UAnL of ST3Gall at 32°C for 2 days. 
To monitor the incorporation of sialic arid-PEG, a small aliquot of the reaction bad CMP- 
S A-PBG-fluoresc©at ligamd added; fine label incorporated into the peptide is separated ten 
tfise foe label by gel ffifeafiom on & Toso Haas G3000SW analytical! column wring PBS buffer 
(pH 7.1). The ftooresc&iit label iEicorpoiration into ffiie peptide is quanfitatel using am in-line 

25 fluoresce detector. Afte 2 days, the reaction mixture is purified using a Toso Haas 

G3000SW preparative column raing PBS taffer (pH 7.1) and collecting fractions based on 
UV absorption. The product of She reaction is analyzed using SDS-PAGB and IEF analysis 
according to She procedures and reagents supplied by Invitrogea. Samples of native and 
PEGylated G-CSF are dialyzed against water and analyzed by MALDI-TOF MS. 

30 JftrapmrfflttSdMia <n>ff <B4^<&D^^ G-CSF produced in CHO cells, 

which contains an alpha2,3-sialylated O-linked glycan, is dissolved at 2.5 mg/mL in 50 mM 
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TWs-HCi 015 M NaCi 0.05% NaN 3 , pH 75. The solution is incubated wife 1 wM CMP- 
sMc edd-PEG and 0.1 U/mL of CST-H at 32°C &>r 2 days. ToBHMmtarte 
sialic acid-PBG, a mall aliquot of the ruction has CMP-S A-PEG-ftoos^crat ligand added; 
the label incorporated into She peptide is separated from the foe label by gel fflta&oe om a 
5 Toso Haas G3000SW analytical column using PBS buffer (pH 7.1). The fluorescent label 
incoipoiratioia into the peptide is quss&tated wmg an in-line tftaffescCTt dstecte. Ajfte2 
days, flue reaction mixtare is purified losing a Toso Haas G3 000SW p^ssrafive ©oliram using 
PBS buffer (pH 7.1) and collecting ftactions based on W absoiption. The product of the 
reaction is analyzed using SDS-PAGE and IEF analysis according to the procedures m& 

10 reagents suppMed by favitrograi. Samples of native and PEGyiafed G-CSF axe dialyzed 
against waste and analyzed by MALDI-TOF MS. 

IPirqpsiimia©m <n>ff GM&F^dlpi^ G-CSF, oortafemg only O-lntod 

GalNAc, is dissolved at 2.5 rngfaoL in 50 vM Tris-HO, 0.15 M Nad, 0.05% NaNa, pH 72. 
The solution is incubated with 1 wM GMP-siaKc acid-PEG and 0.1 UAnL of STSGalNAcI or 

15 nat32°Cfor2days. To monitor the incorporation of siflEcacid-PEG,asmaMaHqiaotofthe 
reaction has CMP-SA-PEG-ffluoxescent Kgaad added; the label incorporated into the peptide 
is separated fiom the free label by gel filtration on a Toso Haas G3000SW analytical co hmm 
wmg PBS buffear (pH 7.1). Tlhe fflrarescent 1^ 

using an ins-Mae ffluorescOTt detector. After 2 days, Sue mscSiomi mixta© is purMed wing a 
20 Toso Haas G3000SW preparative cofann using PBS buffer (pH 7.1) and ©©Meeting fectkass 
based c^W absoffption. Hue prodact of the reaction is analyzed using SBS-P AGE and B2F 
sndysis accord^ to &e ^ Sasnpks of native 

and PEGyiated G-CSF are dMyz©d against waiter md amlyzed by MALBI-TOF MS . 

25 22. Gl^mFKG^^ nf (TVT^ed GItoms of BPOmmfacad mCTQ Cdfa 

IPcrqpairaflaaDm off (EMBimlkcKdl E!1P(DVSA-IP]S(CS ISID)a>o AsMo^SPO P original^ 
produced in CHO cells, is dissolved at 2.5 ungAnL in 50 wM Tris-HO, 0.15 MNaCt 0.05% 
NaN3,pH7^. Ttoesolution is incubated with 5 mMCMP-SA and 0.1 UAnLofSTSGaB st 
32°Cfbr2days. To monitor £he incorporation of sialic acid OBto £he NJirtfsed gjy€sm s a 
30 small aEquot of the reaction had CMP-SA- I4 C added; She peptide is separated by gel filtration 
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on aToso Haas GE2000SW analytical cofaxnn mmg methanol, water sod feepiircdnclt detected 

detector. When fee reaction is c<^ 
aCenteicon-20fiIte, The remaining solution is bnaffier exchanged wife 0.05 M Tris (pH 7.2), 
0.15 MNaCa, 0.05% NaN 3 to a final votame of 75 mL tmtil fee CMP-SA could no longer be 

5 detect©! The reiterate is fern resu^^ 

NaN 3 at 2.5 mg^ protein. Hie rotation is incubated wife 1 mM CMP-SA-PBG (1 0 KOa) 
andST3Gall,togiyeosylto To monitor fee 

incorporation of sialic acid-PEG, a small aliquot of the inaction is separated by gel ffltation 
string aToso Haas TSKrgel-3000 analytical column eluting with PBS pH 7.0 and analyzing 

10 by UV detection. Wtan fee reaction is complete, fee Enaction mfetoe is pmfid usmg a 
Toso Haas TSK-gd-3000 pingparatiw column rising PBS buffer (pH 7.0) collating fiacttaons 
based on UV absosption. Tlhepn^teoffeeis^i^ 

analysis acconSingtofeeprocerita Samples ©re 

dialled against water and aaoalyzed by MALDI-TOF MS. 

15 * 

23. GlvcoPEG vlation of an antibody 

This example sets forth fee procedures to PEGylate fee O-Mnked gjycans of an 
antibody lnnolecule. Hfere, EribreP^ 1 tis nased as aa& ssasra^K bwo- one of sMl in fee ast wffl 
appreciate fe&£ feis piroc©dEnre can be mised wife many ssstibodly Enolemles. 

20 iPirqporffli^ MteeF^ 1 (lOT-^^cqjtor-II^- 

djimisra), either wife fee O-Mriked glycans aialylated prior to PBGyistion or not, is dissolved 
at 2.5mgM,k50iniMT^ The- 
solution is inciabatod wife 5 mM TOP-galactose and 0. 1 UfmL of gaiactosytaa^ at 
32°C fiur 2 days to cap fee Fc region glycans wife gsilactose. To mcsniitor fee i^^ of 

25 galactose, asnall aliquot of fee ruction has i4 C-gskctos©-UDP ligand added; fee label 

incozpoirated into fee peptide is sep arated ilimn fee fee label by gel filtration on a Toso Haas 
G2000SW analytical column in methanol and water. The radioactive label mcoirporationinto 
the peptide is qisantitated using an in-line radiation detector. 

Whea fee reaction is complete, fee solution is incubated wife 1 wM CMP-sialic acid- 

30 iinker-PEG (10 KDa) and 0.1 U/mL of ST3Gal3 at 32°C for 2 days. To monitor fee 



-368- 



WO 03/031464 PCT/DS02/32263 



incorporation of sialic acid-linker-PEG, die peptide is separated by gel filtration on a Toso 
Haas G3000SW analytical cohnnn using PBS buffer (pH 7.1). When the reaction is 
complete, the reaction mixture is purified using a Toso Haas TSK-Gel-3000 preparative 
column using PBS buffer (pH 7.1) and collecting fractions based on UV absorption. The 
5 fractions containing product are combined, concentrated, buffer exchanged and then freeze- 
dried. The product of the reaction is analyzed using SDS-P AGE and IEF analysis according 
to the procedures and reagents supplied by Invitrogea Samples are dialyzed against water 
and analyzed by MALDI-TOF MS. 

10 24. GlvcoPEGvlation of Remicade™ antibody 

This example sets forth the procedure to glycoPEGylate a recombinant antibody 
molecule by introducing PEG molecules to the Fc region glycans. Here Remicade™, a TNF- 
RJgG Fc region fusion protein, is the exemplary peptide. 

Preparation of Remicade™-Gal-PEG (10 KDa). Remicade™ is dissolved at 2.5 

15 mg/mL in 50 mM Tris-HO, 0.15 M Nad, 5 mM MnCl 2 , 0.05% NaN 3 , pH 72. The solution 
is incubated with 1 mM UDP-galactose-PEG (1 0 KDa) and 0. 1 U/mL of 
galactosyltransferase at 32°C for 2 days to introduce the PEG in the Fc region glycans. To 
monitor the incorporation of galactose, a small aliquot ofthe reaction has l4 Ogalactose-UDP 
ligand added; the label incorporated into the peptide is separated from the free label by gel 

20 filtration on a Toso Haas G3000SW analytical column using PBS buffer (pH 7.1). The 
radioactive label incorporation into die peptide is quantitated using an in-line radiation 
detector. 

When the reaction is complete, the reaction mixture is purified using a Toso Haas 
TSK-Gel-3000 preparative column using PBS buffer (pfi 7.1) and collecting fractions based 
25 on UV absorption. The fractions containing product are combined, concentrated, buffer 

exchanged and then freeze-dried. The product of the reaction is analyzed using SDS-PAGE 
and IEF analysis according to the procedures and reagents supplied by Invitrogea Samples 
are dialyzed against water and analyzed by MALDI-TOF MS. 
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25. Generation and PEGviation of GlcNAo-ASN structures: TPA produced in 
Yeast 

This example sets forth the preparation of PEGylated GlcNAc-Asn structures on a 
peptide such as TPA expressed in yeast 
5 Yeast expression is expected to result in a TPA which contains a single N-linked 

mannan-type structure. This recombinant glycoprotein is first treated with endoglycosidase 
H to generate GlcNAc structures on the asparagine (Asn) residues on the peptide. 

Hie GlcNAc-Asn structures on the peptidefrrotein backbone are then be modified 
with galactose or galactose-PEG using UDP-galactose or UDP-galactose-6-PEG, 
10 respectively, and a galactosyitransferase such as GalTL In one case, the galactose-PEGis 
the terminal residue. In the second case, the galactose is further modified with S A-PEG 
using a CMP-SA-PEG donor and a sialyitransferase such as ST3GalIIL Ihanother 
embodi m ent, die GlcNAc- Asn structures on the peptide/protein backbone maybe 
galactosylated and sialyiated as described above, and then further sialylated using CMP-SA- 
1 5 PEG and an a2,8-sMyltransferase such as the enzyme encoded by the Campylobacter Jejuni 
cst-II gene. 

26. Generation a nd PEGvlation of GlcNAc-ASN Structures: GM-CSF 
prodnced in Saccharomvces 

20 This example sets forth the preparation of Tissue-type Activator with PEGylated 

GlcNAc-Asn structures. 

Recombinant (&1-CSF expressed in yeast is expect to contain 2 N-lmked and 2 ^ 

linked gjycans. Hie N-linked glycans should be of the branched mannan type. This 

recombinant glycoprotein is treated with an eadoglycosidase ftom die group consisting of 
25 en<togJycosidase H, endoglycosidase-Fl, eaidoglycosidase-F2, endog!ycosidase-F3, 

endogJycosidase-M either alone or in combination with mannosidases I, n and in to generate 

GlcNAc nubs on die asparagine (Asn) residues on the peptide/protein backbone. 

The GlcNAc-Asn structures on the peptide/protein backbone is then be modified wifli 

galactose or galactose-PEG using UDP-galactose or UDP-galactose-6-PEG, respectively, and 
30 a galactosyitransferase such as GalTL In one case die galactose-PEG is the terminal residue. 

In the second case the galactose is further modified with S A-PEG using a CMP-SA-PEG 
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stractoes oa the pepfc^tein backbone cm be gdactosyiated^ 

above, and then fete aialylated using CMP-S A-BEG and an c^S-sMyltranferase such as 

me enzyme eiM»ded by the Cimpyhbacterj^i cst-JIgieaB. 



C eyco<bnhieati(mofSm n WM»w M 

27. S^^ rt f ( rnw P-gA-3Lgviilfa i rf a 
1Mb ra^tesete form the procedure for fee syaflieais of CMP^-levidimtfe. 
JBrtjparaflllM^ IsobutykMorofom.ate 
(100 (iL, 0.77 mmol) was added dropwise to a solution of levuhnic acid (86 ,tL, 0.84 mmol), 
mhydrom TEF (3 mL) and triefeytanne (127 pL> 0.91 mmol). This solution waa stirred for 
^ureatroomtemperaturesmdwasfom 

maiinosamine hydrochloride (151 mag, 0.7 mmol), Mefoylamine (127 jjL, 0.91 mmol), TOP 
(2mL)aMwater(2mL). The reaction mbttare was stirm! 15 boms and then concentrated to 
15 dryness by rotary evaporation. Chromatography (silica, step gradient of 5-15% 

MeOH/C^Oa) was used to isolate fee product yielding 0. 1 56 g (73 % yield) of a white solid: 
Rf = 0.41 (silica, OTOaMeQB/water 6/4/1); »H NMR (0,0, 500 MHz) SZ23(s, 3H), 2.24 
(s, 3H), 2J7(td, J = 6.54, 3.68, 2H) 2.63 (t, J=6.71, 2H), 2.86-2^0 (m, 4H), 3.42 (m, IE), 
3.53 (t, J=9.76, 1H), 3.64 («, 3=9.43, IB), 3.80-3.91 (m, 4H), 4.04 (dd, J = 9.79, 4.71, 1 H), 
431 (dd, J =4.63,1.14, 1HX4.45 (dd, 3=4.16,1.13, IB), 5.02 (d, 3=1.29, IB), 5.11(8,3=1.30, 
1H), MS CBS); calculated for CuHuNO,, 277.27; found [M+l] 277 A 
IPirqpairaiaoiin ©IT S^sralffi^ 

aldolase (50 U) was added to a aoteion ^MevuKaam^ (0. 156 

25 g,0^6mmol)k0.1MHESKCpH7^). l^reacg(mmkto OT waab^to37^for20 
boras aMatofieezing. Theineaction mktae waatkm!51terodferoughC18sffica,fi^ 
andfieezodoed, The erode soh\i was purified using Jaasbckomatogmpby^siKca, fusing 
1(M0% MeOH/OM and then OTaO^eOHZ^O 6/4/0.5). Appropriate fo^ons were 
combkedaM concentrated yielding 45 mg (80% yield) ofa white solid: 1^=0.15 (silica, 
30 CHQaMeOHW 6/4/1); 'HNMR^O, 500 MHz) 8 1.82 (t, J=11. 9 , 1H), 2.21 (dd, J= 
13.76,4.84, IB), 253 (s, 3H), 2.57 (appq, J= 6.6, 2H), 2.86-2.95 (m, 2H), 3.15-3.18 (m, 1H) 
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3.28-3.61 (camploUH), 3.60 (dd, J = 11.91, 6.66, 1H), 3.75 (td, J ='6.65, 2.62, 1H), 3.84 
(dd,J= 11.89, 2.65, 1 H), 3.88-4.01 (complex, 2H), 4.04 (td, J - 11.18, 4.67, 1H), MS (BS); 
calculated for Q4H33NO10, 36533; found flM-l] - ), 36357. 
IPirojp gwr^flSawni ©ff <cy1ffidIfiM©-S 9 — inm©M©jpIh(DSipIhi© 

5 g!tyc£m-I>i*<G^ 5-Levulinamido-3,5-dideoxy-l^ 

galacto-2-mnviopyKmQsvsmw$& (50 mg, 137 \wxol) was dissolved m 2 mL of 100 mM 
HEPES pH 7.5 buffer and 1 MMbQ 2 (300 jdL, 300 pmol) was added. CTP-2Na + (79 mg, 
13 i&nol) was dissolved m 5 boL HEPES huffier and was added to the sugar. The 
sialyits^^fesse/CMP-naimmiiuc arid synthetase fusion enzyme (1 1 1^ 

10 reaction mixtoresii^^ The section maixtae was filtered 

through a 1 0,000 MWCO filter and the filtrate, which contained the prodoct of tie reaction, 
was used directly without father purification: Rf = 035 (silica, IPA/water/NELjOH 7/2/1). 

28. Glucocerebrosidase^mamose-6-phosphate produced in CHO cells 

15 This example sets forth the procedure to glycoconjugate mannose-6-phosphate to a 

peptide produced in CHO cells such as gtucocerdbxosidase. 

Prcps^ttta Glucocerebrosidase produced in CHO cells 

is dissolved at 2.5 mg/mL in 50 snM Tris 50 mM Tria-HQ pH 7.4, 0. 15 M Nad, and is 
koibated with 300 mUAnLs^ Tombnitor v 

20 the reaction a small aliquot of the reaction is diluted with the appropriate buffer and a DBF gel 
and SBS-PAGE performed according to Xnvitrogen procedures. Tho mixture is omkifag<sd at 
10,000 rpsn and lEbe si^ematant is collected. The beads are washed 3 tames withTds-HDTA 
buffer, once with 0.4 wfiL TMs-BDTA buffer, and once with 0.2 mL of the Tm-BDTA buffer. 
AH supemataaSs are pooled. The gropgrmafcrot is dialyzed at 4 *C agsrosfr 50 mM Tris-HCl pH 

25 7.4, 1 M Nad, 0.05% NaN 3 and then twice more against 50 mM Tris-^O pH 7.4, 1 M 
NaCl, 0.05% NaN 3 . The dMyzed solution is then concentrated using a Centricon Plus 20 
centrifugal filter. Hie product of&e reaction is analyzed using SBS-PAGE and IH? analysis 
according to the procedures and reagents supplied by InvitrogeiL Samples are dialyzed 
against water and analyzed by MALDI-TOF MS . 

30 IPmsjpsursiMdPiiii <n>lT (C^©i^irdbF©^<rita (pirscedliniir® 

I), Asialo-glucoco^brosidaseSrom above is dissolved at 2.5 mgfmL in 50 mM Tris-HCl, 
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Wr^thereacticmiscornple^ 
TSK-Gel-3000 preparative column using PBS buffer (pH 7.1) and coUecting ftactions based 
on UV absorption. The fractions coruamfog product are combined, concentrated, buffer 
exchanged and then freeze-dried. The product of the reaction is analyzed using SDS-PAGE 
and IEF analysis according to the procedures and reagents supplied by lhvitrogea Samples 
are dialyzed against water and analyzed by MALDI-TOF MS. 

D. Glvco-conineation of peptides 
31. Transrerrin-GDNF 

This example sets forth foe procedures for foe glycoconjugation of proteins, and in 
particular, transferrin is glycoconjugated to GDNF. Transtarin-S A-Iinker-Gal-UDP is 
prepared from transferrin. The galactose residue is removed from GNDF glycans, and 
Transfemn^A-Linker-Gal-UDP is conjugated to GNDF glycans using a 
galactosyltransferase. 

Preparation of agalacto-GDNF. GDNF produced in NSO cells (NSO murine 
myeloma cells) is dissolved at 2.5 mg/mL in 50 mM Tris 50 mM Tris-Ha pH 7.4, 0. 15 M 
NaCl, and is incubated with 300 mU/mL beta-galactosidase-agarose conjugate for 16 hours at 
32°Q To monitor the reaction a small aliquot of the reaction is diluted with foe appropriate 
bvnfear^alEF gd performed according to The inixtare is 

cenrrifoged at 10,000 rpm and foe supernatant is collected. The supernatant is dialyzed at 4 
^against 50 mM Iris -HQ pH 7.4, 1 M Nad, 0.05% NaN 3 and then twice more against 50 
mM Tris-^Cl pH 7.4, 1 M Nad, 0.05% NaN 3 . The dialyzed solution is then concentrated 
using a CentriconPhis 20 centrifugal filter and stored at -20 °C. The conditions for foe IEF 
gel are run according to foe procedures and reagents provided by mvitrogen. Samples are 
dialyzed against water and analyzed by MALDI-TOF MS. 

Preparation of lransferrm-^A-Linker-Gal-UDP. Asialo-trarisferrm is dissolved at 
2.5 mg/mL in 50 mM Tris-HO, 0.15 M Nad, 0.05% NaN 3 , pH 12. The solution is 
incubated with CMP-sialic add-hnker-Gal-TJDP (molar amount to add 1 molar equivalent of 
nucleotide sugar to transferrin) and 0.1 U/mL of ST3Gal3 at 32°C for 2 days. To monitor foe 
incorporation of sialic acid, a small aliquot of the reaction has 14 C-SA-UDP ligand added; foe 
label mcorporared into foe peptide is separated from foe free label by gel filtration on a Toso 
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HaasG3000SWax^yticalcol^^ The radioactive label 

incoiporaiiion into the peptide is quantitated using an in-line radiation detector. 



The solution is incubated with 5 ml CMP-sialic acid and 0.1 UAoLof ST3GaB (to 
capanyimreactedtransfenm The incoxporaticm into the peptide 

5 is qoaiititated using After 2 days, the reaction mkte is purified 

using a Toso Haas G3000SW preparative column using PBS buffer (pH 7.1) and collecting 
fractions based on UV absorption. Hie product of the reaction is analyzed using SBS-PAGB 
and XEF analysis according to the procedures and reagents si^Med by Mvitrogen. Samples 
are dialyzed against water and analyzed by MALBI-TOF MS. 

10 E^jparaffl^^ The toisfemohS A-Linker- 

Gal-UBP prepared as described above is dissolved at 2.5 mgfaiL in 50 ml Tris-HO, 0.15 M 
Nad, 5 ml MnCl 2 , 0.05% NaN^ pH 7.2. The solution is incubated with 2.5 mgteaiL 
agalacto-GDNF and 0.1 U/mL of gakctosyitransferase at 32°C for 2 days. To monitor the 
incorporation of galactose, a small aliquot of the reaction has 14 C-galactose-UDP ligand 

1 5 added; the label incorporated into the peptide is separated fioni the flee label by gel filtration 
on a Toso Haas G3000S W analytical column using PBS buffer (pH 7. 1). The radioactive 
label incorporation into the peptide is quantitated rasing an in-line radiation detector. 

When the reaction is complete, the solution is incubated wit3h 5 mM UBP-Gal and 0. 1 
U/mL of galactosyiteansfeffase (to cap any unreactod tansferan glycans) at 32°C for 2 days 

20 followed by addition of 5 wM CMP-SA aaid 0.1 U/mL of ST3Ga!3. After 2 additional days, 
the reaction mixture is purified using a Toso Haas G3 OOOS W preparative column using PB S 
buffer (pH 7.1) collecting i&actions based on UV absorption. Tfihe prodtact of tfflse reaction is 
analyzed nsing SBS-P AGE amid XEF analysis according to &e procedures and ireageats 
siqjpKedbylhvitrogeHL Samples arediallyzed against water and analj^sedbyMALDI-TQF 

25 MS. 

32. Gluco(^ Kmmdfl He4s^ferrm 
This example sets forth the procedures for the glycoconjugation of proteins, and in 
particular, transferrin is glycoconjugated to ghicocerebrosidase. Hie QcNAc-ASN structures 
30 are created on glucoceraminidase, and Transfenin^A-Iinker-Gal-UDP is conjugated to 
GNDF GlcNAc-ASN structures using galactosyltransferase. 
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($ibcoc®^ pKxtooM m CHO cells is dissolved at 25 rngfeoL m 50 ml Tna 50 mM 

Tris-HQ pH 7.4, 0.15 M NaO, sand is incubated with 300 mU/mL Endo-H-agarose conjugate 
for 16 horns at 32 °C. To monitor the reaction a smallaliquot of the reaction is diluted with 
5 the appropriate buffer and a IEF gel and SDS-PAGE performed according to Jhvitaogen 
procedBffl©s.l1hemixt^ jfe 
b eads are washed 3 times with Tris-BDTA buffer, once with 0.4 mL Tris-EDTA tanfifor and 
once wifth 0.2 mL of the Tris-EDTA buffer and all supqmtante m$ pooled The supesnataat 
is dialyzed at 4 °C against 50 mM Tris -HQ pH 7.4, 1 MNaO, 0.05% NaN 3 and to twice 
10 more against 50 mM Tris -HO pH 7.4, 1 MMaG, 0.05% NaN 3 . The dialyzed sotation is 
thmcoeceata^^ Theparoductofaeieactaonis 
analyzed rasing SDS-PAGE and HEP analysis according to the procedures and reagents 
suppKedbylhvitrogenu Samples are dialyzed against water and analyzed by MALDI-TOF 
MS. 

15 IPDpqpfflirffllBflwa ©IT Tftrsflmsffcinr^^ Transferin-SA- 

Iink©>Gal-UDP fiom above is dissolved at 2.5 mg/mL in 50 niM Tris-HCl, 0.15 M NaQ, 5 
mMMnCfe, 0.05% NaNs,pH 7.2. The solution is incubated with 2.5 mg/mL GlcNAc- 
gjncocen^rosxdaseand 0.1 UAnL of gsriactosyitransferase at 32°C for 2 days. To monitor the 
mcoxpoirsifion of gtecoc(sir^Krosids^ tih© peptide is separated by gel filiation on & Toso Haas . 

20 G300QSW analytical 

absorption. The reaction! Enmt^ then purified using aToso Haas G3000SW preparative 
cohimnuisi^ TheprcAcft 
ofthe reaction is asi^^ 

and reagsnrte sugsplied by Iiwilbrogra. Sample are dialyzedl against water and analyzed by 
25 MALDI-TOFMS. 



33. m^Trmiifanrwi 

This example sets forth the procedures for the glycocoqugation of proteins to O- 
- linked giycans, and m Hie sialic acid 

30 residue is removed fiom O-linked gjycan of EPO, and EPO-SA-linker-SA-CMP is prepared. 
EPO-SA-link^-SA-CMP is glycoconjugated to asMoteansfezrin with ST3Gal3. 
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B^soratlta ©ff (MMtad aisWe-ElPO. EPO (eryforopdetin) produced in CHO cells 
is dissolved at 2.5 mg/mL in 50 mM Tris 50 mM Tris-HCl pH 7.4, 0.15 M Nad, and is 
incubated with 300 mU/mL sialidase (Fi&rco ctofera>agarose conjugate for 16 hours at 32 
°C. To monitor the reaction a small aliquot of the reaction is diluted with the appropriate 
buffer and a IBP gel performed according to hwitrogen procedures. The mixture is 
centrifuged at 10,000 rpmand the supernatant is coUected. The supernatant is concentrated 
to a BPO concentration of about 2.5 mg/mL in 50 mMTris-HO, 0.15 M Nad, 0.05% NaN 3 , 
pH7.2. The solution is incubated with 5 mM CMP-sialic acid and 0. 1 UAnLofST3Gal3 at' 
32°C for 2 days. To monitor the incorporation of sialic acid, a small ahquot of foe reaction 
had CMP-SA-fluorescent ligand added; the label incorporated into the peptide is separated 
ftom foe ftee label by gel filtration on a Toso Haas G3000SW analytical column using PBS 
buffer (pH 7.1). When the reaction is complete, the reaction mktare is purified using a Toso 
Haas G3000SW preparative column using PBS buffer (pH 7.1) and collecting fiactions based 
on UV absorption. The product of foe reaction is analyzed using SDS-PAGE and JEF 
analysis according to the procedures and reagents supplied by iavitrogen. Samples are 
dialyzed against water and analyzed by MALDI-TOF MS. 

Iftrepuratiom rtJKm^jbtiaart&Cm. The O-linked asialo-EPO 2.5 rng/mL in 
50 mM Tris-HCL 0.15 M Nad, 0.05% NaNa, pH 7.2. The sofotion is incubated with 1 mM 
CMP-sialic acid-foitor-SA-CMP and 0.1 UAnL of ST3Gall at 32°C for 2 days. To monitor 
foe incorporation of sialic add-linte-^^CMP, foe peptide is separated by gel filtration on a 
Toso Haas G3000SW analytical column using PBS buffer (pH 7.1). 

Afier 2 days, the reaction miaSure is purified losing a Toso Haas G3000SW 
preparative column using PBS buffer (pH 7.1) and collecting fiactions based on UV 
absorption. The product of foe reaction is analyzed using SDS-PAGE and EBP analysis 
acceding to the procedures and reagents supplied by Jhvitogea Samples are dialyzed 
against water and analyzed by MALDI-TOF MS. 

fftaparatltai &'Emsrtm&b&kAMuB-&Si^Ht®, EPO-SA-Iinfcer-SA-CMP fiom 
above is dissolved at 2.5 mgAnL in 50 mM Tris-HCl 0.15 M Nad, 0.05% NaN 3 , pH 12. 
The solution is incubated with 2.5 mgftnL asialo-transferrin and 0.1 UAnL of ST3Gal3 at 
32°Cfor2days. To monitor the incorporation of transferrin, foe peptide is separated by gel 
filtration on a Toso Haas G3000SW analytical column using PBS buffer <pH 7.1) and foe 
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product detected by UV ab sorption. When the reaction is complete, the solution is incabated 
with 5 mM CMP-SA and 0.1 UAnLof ST3Gal3 (to cap any imreacted transfctrin gtycans) at 
32°Cfor2days. The reaction mixture is purified using a Toso Haas G3000SW preparative 
column using PBS buffer (pH 7.1) collecting fractions based on UV absorption. The product 
5 of the reaction is analyzed using SDS-PAGE and IEF analysis according to the procedures 
and reagents supplied by Invitrogen. Samples are dialyzed against water and analyzed by 
MALDI-TOF MS. 

34. EPO-GDNF 

10 This example sets forth the procedures for the glycoconjugation of proteins, and in 

particular, the preparation of EPO-SA-Iinker-SA-GDNF. 

Preparation of EPO-S A-Linker-SA-GDNF. EPO-SA-Iinker-SA-CMP from above 
is dissolved at 25 mgfaiL in 50 mM Tris-HCl, 0.15 M NaCl, 0.05% NaN 3 , pH 12. The 
solution is incubated with 2.5 mgfaiL GDNF (produced in NSO) and 0.1 U/mL ofST3Gal3 

15 at32°Cfor2days. To monitor the incorporation of GDNF, the peptide is sqwratedbygel 
. filtration on a Toso Haas G3000SW analytical column using PBS buflfer (pH 7.1) and the 
product detected by UV absorption- When the reaction is complete, the solution is incubated 
with 5 mM CMP-SA and 0. 1 U/mL of ST3Gal3 (to cap any unreacted GDNF glycans) at 
32°Cfor2days. The reaction mixture is purified using a Toso Haas G3000SW preparative 

20 column using PBS buffer (pH 7.1) collecting fractions based on UV absorption. The product 
of the reaction is analyzed using SDS-PAGE and IEF analysis according to the procedures 
and reagents supplied by Invitrogen. Samples are dialyzed against water and analyzed by 
MALDI-TOF MS. 

25 The disclosures of each and every patent, patent application, and publication cited 

herein are hereby incorporated herein by reference in their entirety. 

While this invention has been disclosed with reference to specific embodiments, it is 

apparent that other embodiments and variations of this invention may be devised by others 

skilled in the art without departing from the true spirit and scope of the invention- The 
30 appended claims are intended to be construed to include all such embodiments and equivalent 

variations. 



-379- 



WO 03/031464 



PCT/US02/32263 



What is claimed is: 

I. A cell-free, in vitro method of remodeling a peptide having the formula: 
| — AA — X 1 — X 2 

wherein 

AA is a terminal or internal amino acid residue of said peptide; 
X'-X 2 is a saccharide covalently linked to said AA, wherein 
X 1 is a first glycosyi residue; and 

X 2 is a second glycosyi residue covalently linked to X 1 , wherein X 1 and X 2 are 
selected from monosaccharyl and oHgosaccharyi residues; 
said method comprising: 

(a) removing X 2 or a saccharyl subunit thereof from said peptide, thereby 
forming a truncated glycan; and 

(b) contacting said truncated glycan with at least one glycosyltransferase and 
at least one glycosyi donor under conditions suitable to transfer said at 
least one glycosyi donor to said truncated glycan, thereby remodeling said 
peptide. 

2. The method of claim 1, farther comprising: 

(c) removing X 1 , thereby exposing said AA; and 

(d) contacting said AA with at least one glycosyltransferase and at least one 
glycosyi donor undo: conditions suitable to transfer said at least one 
glycosyi donor to said AA, thereby remodeling said peptide. 

3. The method of claim 1, further comprising: 

(e) prior to step (b), removing a group added to said saccharide during post- 
translational modification. 
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4. The method of claim 3, wherein said group is a member selected from 
phosphate, sulfate, caiboxylate and esters thereof. 

5. The method of claim 1, wherein said peptide has the formula: 

| — AA— Z X 1 — X 2 

5 wherein 

Z is a member selected from O, S, NH, and a crosslinker. 

6. The method of claim 1, wherein at least one of said glycosyl donors 
comprises a modifying group. 

7. The method of claim 1, wherein said modifying group is a member selected 
10 from the group consisting of a water-soluble polymer, a therape u t i c moiety, a detectable 

label, a reactive linker group, and a targeting moiety. 

8. The method of claim 7, wherein said modifying group is a water soluble 

polymer. 

9. The method of claim 8, wherein said water soluble polymer comprises 
15 polyethylene glycol). 

10. The method of claim 9, wherein said polyethylene glycol) has a 
molecular weight distribution that is essentially homodisperse. 

11. The method of claim 1, wheiein said peptide is selected from the group 
consisting of granulocyte colony stimulating factor, interferon-alpha, interferon-beta, Factor 

20 Vila, Factor DC, follicle stimulating hormone, erythropoietin, granulocyte macrophage colony 
stimulating factor, interferon-ganmia, alpha-1 -protease inhibitor, beta-glucosidase, tissue 
plasminogen activator protein, interieulrin-2, Factor Vm, chimeric tumor necrosis factor 
receptor, urokinase, chimeric anti-glycoprotein lib/Eta antibody, chimeric anti-HER2 
antibody, chimeric anti-respiratory syncytial virus antibody, chimeric anti-GD20 antibody, 
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DNase, chimeric anti-tumor necrosis factor antibody, human insulin, hepatitis B sAg, and 
human growth hormone. 



12. A cell-free in vitro method of remodeling a peptide having the fonnula: 

Man— (X 3 )a 

f )d / 
| — AA — GlcNAc — GlcNAc — Man — (X*) b 



\ 



Man— (X5) c 

<K 
5 wherein 

X 3 , X 4 , X 5 , X 6 , X 7 and X 17 are independently selected monosaccharyl or 

oligosaccharyi residues; and 
a, b, c, d, e, and x are independently selected from the integers 0, 1 and 2, with 
the proviso that at least one member selected from a, b, c, d, e, and x is 
10 1 or 2; said method comprising: 

(a) n^ving at least one of X^X 4 ^ 

thereof from said peptide, thereby forming a truncated gjycan; and 

(b) contacting said truncated gjycan with at least one gtycosyttransferase and 

at least one glycosyl donor under conditions suitable to transfer said at 
15 least one glycosyl donor to said truncated glycan, thereby remodeling 

said peptide. 



13. The method of claim 12, wherein said removing of step (a) produces a 
truncated glycan in which a, b, c, e and x are each 0. 
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14. The method of claim 12, wherein X 3 , X s and X 7 are selected from the 
group consisting of (marmoset and (marmoseV^X 8 ^ 

wherein 

X s is a glycosyl moiety selected from mono- and oligo-saccharides; 
5 y is an integer selected fromO and 1; and 

z is an integer between 1 and 20, wherein 

when z is 3 or greater, (mannose^ is selected from linear and branched 
structures. 

15. The method of claim 12, wherein X 4 is selected from the group consisting 
10 of GlcNAc and xylose. 

16. The method of claim 12, wherein X 3 , X s and X 7 are (mannose)u, wherein 
u is selected from the integers between 1 and 20, and when u is 3 or greater, (mannose) u is 
selected from linear and branched structures. 

17. The method of claim 12, wherein at least one of said glycosyl donors 
15 comprises a modifying group. 

18. The method of claim 17, wherein said modifying group is a member 
selected from the group consisting of a water-soluble polymer, a therapeutic moiety, a 
detectable label, a reactive linker group, and a targeting moiety. 

19. The method of claim 18 wherein said modifying group is a water soluble 

20 polymer. 

20. The method of claim 19, wherein said water soluble polymer comprises 
polyethylene glycol). 

21. The method of claim 20, wherein said polyethylene glycol) has a 
molecular weight distribution that is essentially homodisperse. 
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22. The method of claim 12, wherein said peptide is selected from the group 
consisting of granulocyte colony stimulating factor, interferon-alpha, interferon-beta, Factor 
Vila, Factor IX, follicle stimulating hormone, erythropoietin, granulocyte macrophage colony 
stimulating factor, interferon-gamma, alpha-l-piotease inhibitor, beta-glucosidase, tissue 
plasminogen activator protein, interleukin-2, Factor VHI, chimeric tumor necrosis factor 
receptor, urokinase, chimeric anti-glycoprotein Hb/IIIa antibody, chimeric anti-HER2 
antibody, chimeric anti-respiratory syncytial virus antibody, chimeric anti-CD20 antibody, 
DNase, chimeric anti-tumor necrosis factor antibody, human insulin, hepatitis B sAg, and 
human growth honnone. 



10 23. A cell-free in vitro method of remodeling a peptide comprising a giycan 

having the formula: 

Man — (GlcNAc) a 
(FucV / 
f— AA— <3l6NAc--GlcNAc— Man 

\ 

Man — (GlcNAcfc 

wherein 

r, s, and t are integers independently selected from 0 and 1, 
IS said method comprising: 

(a) contacting said peptide with at least one gfycosyltransferase and at least 
one glycosyl donor under conditions suitable to transfer said at least 
one glycosyl donor to said giycan, thereby remodeling said peptide. 

24. The method of claim 23, wherein at least one of said glycosyl donors 
20 comprises a modifying group. 

25. The method of claim 23, wherein said modifying group is a member 
selected from the group consisting of a water-soluble polymer, a therapeutic moiety, a 
detectable label, a reactive linker group, and a targeting moiety. 
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26. The method of claim 25 wherein said modifying group is a water soluble 

polymer. 

27. The method of claim 26, wherein said water soluble polymer comprises 
polyethylene glycol). 

28. The method of claim 27, wherein said polyethylene glycol) has a 
molecular weight distribution that is essentially homodisperse. 

29. The method of claim 23, wherein said peptide is selected from the group 
consisting of granulocyte colony stimulating fector, interferon-alpha, interferon-beta, Factor 
Vila, Factor DC, follicle stimulating hormone, erythropoietin, granulocyte macrophage colony 
stimulating fector, interferon-gamma, afcha-l^rotease inhibitor, beta-glucosidase, tissue 
plasminogen activator protein, interleulrin-2, Factor VIII, chimeric tumor necrosis fector 
receptor, urokinase, chimeric anti-gjycoprotein Hb/DIa antibody, chimeric anti-HER2 
antibody, chimeric anti-respiratory syncytial virus antibody, chimeric anti-CD20 antibody, 
DNase, chimeric anti-tumor necrosis fector antibody, human insulin, hepatitis B sAg, and 
human growth hormone. 

30. The method of claim 1, wherein said peptide has the formula: 

(A, 

I — AA — GalNAc — (Gal), — X 2 

wherein 

X 9 and X 10 are independently selected monosaccharyi or oligosaccharyi 

residues; and 

m, n and f are integers selected from 0 and 1. 
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31. The method of claim 1, wherein said peptide has the formula: 

i — AA — Man 

* X 12 

(X 12 )r 

wherein 

X andX are independently selected gjycosyl moieties; and 
r and x are integers independently selected from 0 and 1. 



32. The method of claim 31, wherein X n and X 12 are (mannose)^ wherein 
q is selected from the integers between 1 and 20, and when q is three or 
greater, (mazmose) 4 is selected from linear and branched structures. 



33. The method of claim 30, wherein said peptide has the formula: 

(Fuc), 
(gIcNAcJb— Q?\ 



10 



| — AA GalNAc — (Gal^-pc 14 ), 



wherein 

r« IT" rmA Vl5 



X" X^.andX" are independently selected glycosyl residues; and 
g, h, i, j, k, and p are independently selected from the integers 0 and 1 , with 
the proviso that at least one of g, h, i, j, k and p is L 



15 34. The method of claim 33, wherein 

X 14 and X 15 are members independently selected from GlcNAc and Sia; and i 
and k are independently selected from the integers 0 and 1, with the 
proviso that at least one of i and k is 1, and if k is l,g,h,andj areO. 
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35. The method of claim 1, wherein said peptide has the formula: 

X 16 
Gal 

(Fuc) u — GlcNAc 



5 — AA — GalNAc— Gal — Sia 

wherein 

X 16 is a member selected from: 

(Fuck (Fwk CFuc)| 

5 I — Sia; GlcNAc-Gal — Sia ; and \— GlcNAc-Gal GlcNAc— Gal — Sia 

wherein 

s, u and i are independently selected from the integers 0 and 1 . 



36. The method of claim 1, wherein said removing utilizes a glycosidase. 

37. A cell-free, in vitro method of remodeling a peptide having die formula: 
10 \ /n 



AA is a terminal or internal amino acid residue of said peptide; 
X 1 is a glycosyl residue covalently linked to said AA, selected from 
monosaccharyi and oligosaccharyi residues; and 
IS u is an integer selected from 0 and 1, 

said method comprising: 

contacting said peptide with at least one glycosyltransferase and at least one 
glycosyl donor under conditions suitable to transfer said at least one glycosyl donor to said 
truncated glycan, wherein said glycosyl donor comprises a modifying group, thereby 
20 remodeling said peptide. 
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38. The method of claim 37, wherein said modifying group is a member 
selected from the group consisting of a water-soluble polymer, a therapeutic moiety, a 
detectable label, a reactive linker group, and a targeting moiety. 

39. The method of claim 38 wherein said modifying group is a water soluble 

polymer. 

40. The method of claim 39, wherein said water soluble polymer comprises 
polyethylene glycol). 

41. The method of claim 40, wherein said polyethylene glycol) has a 
molecular weight distribution that is essentially homodisperse. 

42. The method of claim 37, wherein said peptide is selected from the group 
consisting of granulocyte colony stimulating factor, interferon-alpha, interferon-beta, Factor 
VHa, Factor IX, follicle stimulating hormone, erythropoietin, granulocyte macrophage colony 
stimulating factor, interfexon-gamma, alpha-1 -protease inhibitor, beta-glucosidase, tissue 
plasminogen activator protein, interleukin-2, Factor VE, chimeric tumor necrosis factor 
receptor, urokinase, chimeric anti-glycoprotein Hb/nia antibody, chimeric anti-HER2 
antibody, chimeric anti-respiratory syncytial virus antibody, chimeric anti-CD20 antibody, 
DNase, chimeric anti-tumor necrosis factor antibody, human insulin, hepatitis B sAg, and 
human growth hormone. 

43. A covalent conjugate between a peptide and a modifying group that altera 
a property of said peptide, wherein said modifying group is covalaitly attached to said 
pqrtide at a preselected glycosyi or amino acid residue of said peptide via an intact glycosyi 
linking group. 

44. The covalent conjugate of claim 43, wherein said modifying group is a 
member selected from the group consisting of a water-soluble polymer, a therapeutic moiety, 
a detectable label, a reactive linker group, and a targeting moiety. 
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45. Thecovaltmtcanpigateo^^^ 
intact gljrosyl linking gro 

via the action of an enzvme. said enzvme rtmvprtino oaiA rtr^ m ^ ^ 



linking group, thereby forming said conjugate. 



46. The covalent conjugate of claim 43 comprising: 

a first modifying group covalently bound to a first residue of said peptide vk 
first intact glycosyl IfnVfng group, and 

a second glycosyl linking group bound to a second residue of said peptuievi 
a second intact glycosyl Imlrmg group. 

47. The covalent coqugate of claim 46, wherein said first residue and said 
second residue are structurally identical. 

48. The covalent coqugate of claim 46, wherein said first residue and said 
second residue have different structures. 



49. The covalent conjugate of claim 46 wheran said first residue and said 
second residue are glycosyl residues. 



50. The covalent coigugate of claim 46, wherein said first residue and said 
second residue are amino acid residues. 



51. The covalent conjugate of claim 43, wherein said peptide is remodeled 
prior to forming said conjugate. 
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52. The covalent conjugate of claim 5 1 , wherein the remodeled peptide is 
remodeled to introduce an acceptor moiety for said intact glycosyi linking group. 

53. The covalent conjugate of claim 43, wherein said modifying group is a 
water-soluble polymer. 

54. Hie covalent conjugate of claim 53, wherein said water-soluble polymer 
comprises polyethylene glycol). 

55. The covalent conjugate of claim 43, wherein said peptide is selected fiom 
the group consisting of granulocyte colony stimulating factor, interferon-alpha, interferon- 
beta, Factor Vila, Factor DC, follicle stimulating hormone, erythropoietin, granulocyte 
macrophage colony stimulating factor, interferon-gamma, alpha- 1 -protease inhibitor, beta- 
ghicosidase, tissue plasminogen activator protein, interleukin-2, Factor VTTT, chimeric tumor 
necrosis fector reenter, urokinase, chimeric anti-glycoprotein TSb/Wk antibody, chimeric 
anti-HER2 antibody, chimeric anti-respiratory syncytial virus antibody, chimeric anti-CD20 
antibody, DNase, chimeric anti-tumor necrosis fector antibody, human insulin, hepatitis B 

aAg, and human growth hormone. 

* 

56. The covalent conjugate of claim 43, wherein said intact glycosyi linking 
unh is a member selected fiom die group consisting of a sialic acid residue, a Gal residue, a 
GlcNAc residue and a GalNAc residue. 

57. The covalent conjugate of claim 54, wherein said polyethylene glycol) 
has a molecular weight distribution that is essentially homodisperse. 
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58. A method of forming a covalent conjugate between a polymer and a 
glycosylated or non-glycosyiated peptide, wherein said polymer is conjugated to said peptide 
via an intact glycosyi linking group interposed between and covalently linked to both said 
peptide and said polymer, said method comprising: 

S contacting said peptide with a mixture comprising a nucleotide sugar 

covalently linked to said polymer and a glycosyitransferase for which said nucleotide sugar is 
a substrate under conditions sufficient to form said conjugate. 

59. The method of claim 58, wherein said polymer is a water-soluble 

polymer. 

10 60. The method of claim 58, wherein said glycosyi linking group is covalently 

attached to a glycosyi residue covalently attached to said peptide. 

61. The method of claim 58, wherein said glycosyi linking group is covalently 
attached to an amino acid residue of said peptide. 

» 

62. The method of claim 58, wherein said polymer comprises a member 
1 5 selected from the group consisting of a polyaBcyiene oxide and a polypeptide . 

63. The method of claim 62, wherein said polyalkylene oxide is polyethylene 

glycol). 

64. The method of claim 63, wherein said polyethylene glycol) has a degree 
of polymerization of from about 1 to about 20,000. 
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65. The method of claim 64, wherein said polyethylene glycol has a degree of 
polymerization of from about 1 to about 5,000. 



66. The method of claim 65, wherein said polyethylene glycol has a degree of 
polymerization of from about 1 to about 1,000. 



5 67. The method of claim 58, wherein said glycosyltransferase is selected from 

die group consisting of sialyltransferase, galactosyltransferase, ghicosyitransferase, GalNAc 
transferase, GlcNAc transferase, fucosyftransferase, and mamiosyltransferase. 



68. 

recombinantly produced. 



10 69. The method of claim 68, wherein said glycosyltransferase is a 

recombinant prokaryotic enzyme. 



70. The method of claim 68, wherein said glycosyltransferase is a 
recombinant eukaryotic enzyme. 



71. The method of claim 58, wherein said nucleotide sugar is selected from 
15 the group consisting of UDP-glycoside, CMP-glycoside, and GDP-glycoside. 

72. Hie method of claim 71, wherein said nucleotide sugar is selected from 
the group consisting of UDP-galactose, UDP-galactosamine, UDP-ghicose, UDP- 
glucosamine, UDP-N-acetylgalactosamine, UDP-N-acetylglucosamine, GDP-mannose, 
GDP-facose, CMP-sialic acid, CMP-NeuAc. 
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73. The method of claim 58, wherein said peptide is a therapeutic agent 

74. The method of claim 58, wherein said glycosylated peptide is partially 
deglycosylated prior to said contacting. 

75. The method of claim 58, wherein said intact glycosyl linking group is a 
5 sialic acid residue. 

76. The method of claim 58, wherein said method is performed in a cell-free 

environment. 

77. The method of claim 58, wherein said covalent conjugate is isolated 

78. The method of claim 77, wherein said covalent conjugate is isolated by 
10 membrane filtration. 

79. A method of forming a covalent conjugate between a first glycosylated or 
non-glycosylated peptide, and a second glycosylated or non-glycosylated peptide cojoined by 
a linker moiety, wherein 

said linker moiety is conjugated to said first peptide via a first intact glycosyl linking 
15 group interposed between and covalently linked to both said first peptide and 

said linker moiety, and 
said linker moiety is conjugated to said second peptide via a second intact glycosyl 
linking group interposed b etween and covalently linked to both said second 
peptide and said linker moiety; 
20 said method comprising: 
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(a) contacting said first peptide with a derivative of said linker moiety precursor 
comprising a precursor of said first intact glycosyi linking group and a precursor 
of said second intact glycosyi linking group; 

(b) contacting the mixture from (a) with a glycosyi transferase for which said 

5 precursor of said first glycosyi linking group is a substrate, under conditions 

sufficient to convert said precursor of said first intact glycosyi linking group into 
said first intact glycosyi linking group, thereby forming a first conjugate between 
said linker moiety precursor and said first peptide; 

(c) contacting said first conjugate with said second peptide and a glycosyitransferase 
10 for which said precursor of said second intact glycosyi group is a substrate under 

conditions sufficient to convert said precursor of said second intact glycosyi 
linking group into said second glycosyi linking group, thereby forming said 
conjugate between said linker moiety and said first glycosylated or non- 
glycosylated peptide, and said second glycosylated or non-glycosylated peptide. 

15 80. The method of claim 79, wherein said linker moiety comprises a water- 

soluble polymer. 

81 . The method of claim 80, wherein said water-soluble polymer comprises 
polyethylene glycol). 



82. A method of forming a covalent conjugate between a first glycosylated or 
20 non-glycosylated peptide, and a second glycosylated or non-glycosylated peptide cojoined by 
a linker moiety, wherein 

said linker moiety is covalently conjugated to said first peptide, and 
said linker moiety is conjugated to said second peptide via an intact glycosyi linking 
group interposed between and covalently linked to both said second peptide 
25 and said linker moiety, 

said method comprising: 
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(a) contacting said first peptide with an activated derivative of said linker moiety 
comprising; 

a reactive functional group of reactivity complementary to a residue on 
said first peptide, and a precursor of said intact glycosyl linking 
5 group, 

under conditions sufficient to form a covalent bond between said reactive 
functional group and said residue, thereby forming a first conjugate; and 

(b) contacting said first conjugate with said second peptide and a glycosyltransferase 
for which said precursor of said intact glycosyl linking group is a substrate, under 

10 conditions sufficient to convert said precursor of said intact glycosyl linking group 

into said intact glycosyl linking group, thereby forming said conjugate between 
said first glycosylated or non-glycosylated peptide, and said second glycosylated 
or non-glycosylated peptide cojoined by said linker moiety. 



83. The method of claim 82, wherein said linker moiety comprises a water- 
15 soluble polymer. 



84. The method of claim 83, wherein said water-soluble polymer comprises 
polyethylene glycol). 



85. A pharmaceutical composition comprising a pharmaceutical^ acceptable 
diluent and a covalent conjugate between a polymer and a glycosylated or non-^ycosjdated 
20 peptide, wherein said polymer is conj ugated to said peptide via an intact glycosyl linking 
group interposed between and covalently linked to both said peptide and said polymer. 



86. A composition for forming a conjugate between a peptide and a modified 
sugar, said composition comprising: an admixture of a modified sugar, a glycosyltransferase, 
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and a peptide acceptor substrate, wherein said modified sugar has covalently attached thereto 
a member selected from a polymer, a therapeutic moiety and abiomolecule. 

87* A peptide remodeled by the method of claim I . 

88. A pharmaceutical composition comprising the peptide of claim 87. 

89. A peptide remodeled by the method of claim 12. 

90. A pharmaceutical composition comprising the peptide of claim 89. 
9L A peptide remodeled by the method of claim 23. 

92. A pharmaceaitical composition c^mprisin 

93. A peptide remodeled by the method of claim 30. 

94. A pharmaceutical composition comprising the peptide of claim 93. 

95. A peptide remodeled by the method of claim 37. 

96. A pharmaceutical composition comprising the peptide of claim 95. 

97. A compound having the formula: 




MS is a modified sugar comprising a sugar covalently bonded to a 

modifying group; 
Nu is a nucleoside; and 
b is an integer from 0 to 2. 



-396- 



WO 03/031464 



PCT7US02/32263 



98. The compound of claim 97, having the formula: 




wherein 

X, Y, Z, A and B are members independently selected from S, O and 
NH; 

R 21 , R 22 , R 23 , R 24 , and R 25 members independeaitly selected fixnn H and 
a polymer, 

R 26 is a member selected from H, OH, and a polymer, 
R 27 is a member selected from COO" and Na + ; 
Nu is a nucleoside; and 
a is an integer from 1 to 3. 

99. A cell-free, in vitro method of remodeling a peptide having the formula: 

| — AA 

wherein 

AA is a terminal or internal amino acid residue of said peptide, 
said method comprising: 

contacting said peptide with at least one glycosyitransferase and at least one 
glycosyi donor under conditions suitable to transfer said at least one glycosyi donor to said 
amino acid residue, wherein said glycosyi donor comprises a modifying group, thereby 
remodeling said peptide. 

100. A method of forming a conjugate between a granulocyte colony 
stimulating factor (G-CSF) peptide and a modifying group, wherein said modifying group is 
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covalently attached to said G-CSF peptide through an intact glycosyi linking group, said G- 
CSF peptide comprising a glycosyi residue having the formula: 

-[-GalNAc-(Gal) a -(Sia) c - (R) d 

wherein 

a, b, c, and e are members indep endently selected fiom 0 and 1 ; 
dis0;and 

R is a modifying group, a mannose or an oligomarmose, 
said method comprising: 

(a) contacting said G-CSF peptide with a glycosyltransferase and a modified 
glycosyi donor, comprising a glycosyi moiety which is a substrate for 
said glycosyltransferase covalently bound to said modifying group, 
under conditions appropriate for the formation of said intact glycosyi 
linking group. 

101. The method of claim 100, further comprising: 

(b) prior to step (a), contacting said G-CSF peptide with a siaKdase under conditions 

a ppropri ate to remove sialic acid fiom said G-CSF peptide. 

102. The method of claim 100, further comprising: 

(c) prior to step (a), contacting said G-CSF peptide with a galactosyl transferase and a 

galactose donor under conditions appropriate to transfer said galactose to said 
G-CSF peptide. 

103. The method of claim 100, further comprising: 

(d) contacting the product fiom step (a) with a moiety that reacts with said modifying 

group, thereby forming a conjugate between said intact glycosyi linking group 
and said moiety. 
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104. Hie method of claim 100, farther comprising: 
(e) prior to step (a), contacting said G-CSF peptide with N-acetylgalactosamine 
transferase and a GalNAc donor under conditions appropriate to transfer 
GalNAc to said G-CSF peptide. 

5 105. The mettiod of claim 100, further comprising: 

(£) prior to step (a), contacting said G-CSF peptide with endo-N- 

acetyigalactosaininidase operating synthetically and a GalNAc donor under 
conditions appropriate to transfer GalNAc to said G-CSF peptide. 

106. The method of claim 100, wherein said modifying group is a member 
1 o selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a 

glycoconjugate. 

107. The method of claim 100, wherein 

a, b,c,andeare0. 

108. The method of claim 100, wherein 

15 a and e are members independently selected from 0 and 1; and 

b, c, and d are 0. 

109. The method of claim 100, wherein 

a, b,c,d, and e are members independently selected from 0 and 1. 

20 110. A G-CSF peptide conjugate formed by the method of claim 100. 

111. A method of forming a conjugate between an interferon alpha peptide 
and a modifying group, wherein said modifying group is covalently attached to said 
glycopeptide through an intact glycosyl Unking group, said glycopeptide comprising a 
25 glycosyl residue having a formula selected from: 
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(Fttc), 

■GlcNAx^GlcNAc-Man 
I 



^[GicNAD-(GaI) J e — (Sia), — (R) y ^ 

Man - «v 
/ ^[GlcNAiKGaOJf - (Sia\- (R^ J a 

V f [CHcNAiKCSaDJ, - (Sia* - (R), ) 

Man 



^[CHcNAiKGaOA -(SiaX.- (R) y ) 



; and 



bb 



wherein 

5 a,b,c,d,i,n,o,p,q,r,s,t,u,aa,bb,<^dd,andre 

independently selected from 0 and 1; 
e, £ g, and h are members independently selected from the integers 
from0to6; 

j, k, 1, and m are members independently selected from the integers 
10 from 0 to 20; 

v, w, x, y, and z are 0; and 

R is a modifying group, a mannose or an oligomannose 
R'isH,a glycosyl residue, a modifying group, or a gjycocoryugate. 
said method comprising: 

15 (a) contacting said glycopeptide with a member selected from a 

glycosyltransferase, an endo-acetylgalactosaminidase operating 
synthetically and a trans-sialidase, and a modified glycosyl donor, 
comprising a glycosyl moiety which is a substrate for said 
glycosyltransferase covalently bound to said modifying group, under 

20 conditions appropriate for the formation of said intact glycosyl linking 

group. 
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112. The method of claim 111, farther comprising: 

(b) prior to step (a), contacting said glycopeptide with a sialidase under conditions 

appropriate to remove sialic acid from said glycopeptide. 

113. The method of claim 111, farther comprising: 

(c) contacting the product from step (a) with a moiety that reacts with said modifying 

group, thereby forming a conjugate between said intact glycosyi linking group 
and said moiety. 

114. The method of claim 111, farther comprising: 

(d) prior to step (a) contacting said glycopeptide with a combination of a glycosidase 

and a sialidase. 

1 IS. The method of claim 111, farther comprising: 

(e) prior to step (a), contacting said glycopeptide with an endoglycanase under 

conditions ap p rop ri ate to cleave a glycosyi moiety from said glycopeptide. 

116. The method of claim 111, farther comprising: 

(f) prior to step (a), contacting said glycopeptide with N-acetyiglucosamine 

transferase and a GlcNAc donor under conditions appropriate to transfer 
GlcNAc to said glycopeptide. 

117. The method of claim 111, farther comprising: 

(g) prior to step (a), contacting said glycopeptide with a galactosyl transferase and a 

galactose donor under conditions appropriate to transfer galactose to said 
product 

118. The method of claim 111, further comprising: 

(h) prior to step (b), contacting said glycopeptide with endoglycanase under 

conditions appropriate to cleave a glycosyi moiety from said glycopeptide. 
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119. The method of claim 111, further comprising: 

(i) prior to step (a), contacting said glycopeptide with a mannosidase under conditions 
appropriate to remove mannose from said glycopeptide. 

120. The method of claim 111, further comprising: 

(j) contacting the product of step (a) with a sialyltransferase and a sialic acid donor 
under conditions appropriate to transfer sialic acid to said product 

121. Hie method of claim 111, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a 
glycoconjugate. 

122. The method of claim 111, wherein 
a, b, c, d, aa, and bb arc 1 ; 

e, £ g, and h are members independently selected from the integers from 1 to 4; 
i, j , k, 1, m, r, s, t, u, and cc are members independently selected from 0 and 1 ; and 
n, o, p, q, v, w, x, y, z, dd, and ee are 0. 

123. The method of claim 111, wherein 

a, b, c, d, £ h, j, k, 1, m, n, o, p, q, s, n, v, w, x, y, z, cc^ dd, and ee are 0; 
e, g,i,r, and t are members independently selected from 0 and 1; and 
aaandbb are 1. 

124. The method of claim 111, wherein 
a,b,c,d,e,£g,i,j,k^l,m,r,s,t,anduare members independently selected from 0 

andl; 

h is a member independently selected from the integers from 1 to 3; 
dd, v, w, x, and y are 0; and 
aaandbb are 1. 

125. The method of claim 111, wherein 

a, b, c, d, £ h, j, k, 1, m, s, u, v, w, x, y, and dd are 0; 

e, g, i, r, and t are members independently selected from 0 and 1 ; and 
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aaandbb are 1. 

126. The method of claim 111, wherein 
a,b,c,d,e,£g,h,y,k,l,in,andddaieO; 

r, s» t, u, v, w, x, and y are members independently selected from 0 and 1; and 
aaandbb are 1. 

127. The method of claim 111, wherein 
a,b,c,d,e,£g,h,i,r,s,t,anduare members independently selected from 0 and 1 ; 
j, k, 1, m, v, w, x, y, and dd are 0; and 

aaandbb are 1. 

128. The method of claim 111, wherein 

a, b, c, d, e, £ g, i, j,k, l,m,r, s, t, and u are members independently selected from 0 
and 1; 

h is a member independently selected from the integers from 1 to 3; 
v, w, x, y, and dd are 0; and 
aaandbb axel. 

129. The method of claim 111, wherein 
a,b,c,d,^h,j,k,l,m,s,u,v,w,x,y,andddaieO; 

e, g, i, r, and t are members independently selected from 0 and 1; and 
aaandbb are 1. 

130. The method of claim 111, wherein 

n, o, and p are members independently selected from 0 and 1 ; 

qisl;and 

z, cc, and ee are 0. 

131. The method of claim 111, wherein 

n and q are members independently selected from 0 and 1; and 
o, p, z, cc, and ee are 0. 
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132. The method of claim 111, wherein 
nisOor 1; 

qisl;and 

o, p, z, cc, and ee are 0. 

133. The method of claim 111, wherein 

n, o, p, and f are members independently selected from 0 and 1 ; 

qisljand 

z and ee are 0. 

134. The method of claim 111, wherein 

n, o, p, and q are members independently selected from 0 and 1; and 
z, cc, and ee are 0. 

135. The method of claim 111, wherein 

n and q are members independently selected from 0 and 1; and 
o, p, z, cc, and ee are 0. 

136. The method of claim 111, wherein 
n, o, p, q, z, cc, and ee are 0. 

137. An interferon alpha peptide conjugate formed by the method of claim 

111. 

138. A method of forming a conjugate between an interferon beta peptide and 
a modifying group, wherein said modifying group is covalently attached to said interferon 
beta peptide through an intact glycosyl linking group, said interferon beta peptide comprising 
a glycosyl residue having the formula: 
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r 



10 



15 



20 



r 

— GlcNAefolcNAc-Man 



wherein 



/([(HcNAc^GalU-CSiaVCRX 
/^[[GlcNAcKGalU- (Sia^- (R)J 8 
/ ({GlcNAc<Gal) J g - (SiaV (R\ \ 

^ ([acNAc-CCJalU- (Sia^- (R) y ) 



v. 



V 



a, b, c, d, i, p, q, r, s, t, andu are members independently selected fiom 
Oandl; 

e, £ g, and h are members independently selected fiom the integers . 

between 0 and 6; 
j, k, L, and m are members independently selected from the integers 

between 0 and 100; 
v,w,x,andyareO; 

R is a modifying group, mannose or oligomannose; and 
R* is H or a glycosyl, modifying group or glycoconjugate group, 
said method comprising: 

(a) contacting said interferon beta peptide with a member selected from a 
glycosyltransferase and a trans-sialidase and a modified glycosyl 
donor, comprising a glycosyl moiety which is a substrate for said 
glycosyltransferase covalenfly bound to said modifying group, under 
conditions appropriate for the formation of said intact glycosyl linking 
group. 

139. The method of claim 138, further comprising: 
(b) prior to step (a), contacting said interferon beta peptide with a sialidase under 
conditions appropriate to remove sialic add fiom said interferon beta peptide. 
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140. The method of claim 138, further comprising: 

(c) contacting the product from step (a) with a moiety that reacts with said modifying 

• group, thereby forming a conjugate between said intact glycosyi linking group 
and said moiety. 

141. The method of claim 138, further comprising: 

(d) prior to step (a) contacting said interferon beta peptide with a combination of a 

glycosidase and a sialidase. 

142. The method of claim 138, farther comprising: 

(e) prior to step (a), contacting said interferon beta peptide with an endogiycanase 

undo: conditions appropriate to cleave a glycosyi moiety from said interferon 
beta peptide. 

143. The method of claim 138, further comprising: 

(f) prior to step (a), contacting said interferon beta peptide with N-acetylglucosamine 

transferase and a GHcNAc donor under conditions appropriate to transfer 
GlcNAc to said interferon beta peptide. 

144. The method of claim 138, further comprising: 

(g) prior to step (a), contacting said interferon beta peptide with a galactosyl 
transferase and a galactose donor under conditions appropriate to transfer galactose to 
said product 

145. The method of claim 138, further comprising: 

(h) prior to step (b), contacting said interferon beta peptide with endogiycanase under 
conditions appropriate to cleave a glycosyi moiety from said interferon beta peptide. 

146. The method of claim 138, farther comprising: 

(i) prior to step (a), contacting said interferon beta peptide with a mannosidase under 
conditions appropriate to remove mannose from said interferon beta peptide. 
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147. The method of claim 138, further comprising: 

(j) contacting the product of step (a) with a sialyltransferase and a sialic acid donor 
under conditions appropri ate to transfer sialic add to said product 

148. The method of claim 138, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therap eutic moiety and a 
glycoconjugate. 

149. The method of claim 138, wherein 

h is a member independently selected from the integers between 1 and 3; 
a, b, c, d, e, £ g, i, j, k, 1, m, r, s, t, and u are members independently selected from 0 
andl; 

n, v, w, x, andy are 0; and 
q,parel. 

150. The method of claim 138, wherein 

a, b, c, d, $ h, j, k, 1, m, n, s, u, v, w, x, and y are 0; 

e, g, i, r, and tare members independently selected from 0 and 1; and 

q, pare 1. 

151. The method of claim 138, wherein 
a,b,c,d,e,fi&h,j,k,l,iii,n,r,s,t,u,v,w,x,andyareO; 
q,parel;and 

i is independently selected from 0 and 1. 

152. The method of claim 138, wherein 
a,b,c,d,e,^g,h,I,j,k,im,r,s,t,n,v,w,x,andyaieO;and 
p, q are 1. 

153. The method of claim 138, wherein 
a, b, c, d, e, t & b, i, j , k, l! m, and n are 0; 
q > parel;and 

r, s, t, u, v, w, x, and y are members independently selected from 0 and 1. 
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154* The method of claim 138, wherein 
a,b,c»d,e,^g,h,i,r, s,t, and u are members independently selected from 0 and 1; 
j , k, 1, m, n, v, w, x, and y are 0; and 
q,parel. 

155. The method of claim 138, wherein 

a, b, c, d, hj, k, 1, m, r, s, t, and u are members independently selected from 0 and 

i; 

e, £ g, are members selected from the integers between 0 and 3; 

n,v,w,x,andyareO;and 

q, p are 1. 

156. The method of claim 138, wherein 

a,b, c > d,i,j,k,l,m > r, s,t,u,p and q are members independently selected from 0 and 



e, £g,andharel;and 
n, v, w, x, and y are 0. 

157* An interferon beta peptide conjugate formed by the method of claim 138. 

158. A method of forming a conjugate between a Factor VHa peptide and a 
modifying group, wherein said modifying group is covalenDy attached to said Factor VHa 
peptide through an intact giycosyl finking group, said Factor VQa peptide comprising a 
glycosyl residue having a formula which is a member selected from: 



r 




^([GlcNAcKGalU-CSia^- (R) w ) s 
/{[GlcNAcKGal^-CSiaX-CR),^ ; 

^ ([GlcNAc-(Gal)A- (Sia) m - (R)j 



/([GlcNAc-CGalU-CSia^-CRX ) r 



i 



— GlcNAc-GlcNAc-Man 



: and 
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163. The method of claim 1 58, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

164. The method of claim 158, wherein 

a, b, c, d, e, g, i, j, 1, o, p and q members independently selected from 0 and 1; 
rand tare l;£h,k,m,s,u,v,w,xandyareO;and 
n is selected from the integers from 0 to 4. 

165. The method of claim 158, wherein 
a,b,c,d,e,Sg,h,i,j, k,l,m,n,,o,p,q,r,s,tanduare memb ers independently 

selected from 0 and 1; 

v, w, x and y are 0; and 

n is a member selected from the integers from 0 to 4. 

166. A Factor Vila peptide conjugate formed by the method of claim 158. 

167. A method for forming a conjugate between a Factor IX peptide and a 
modifying group, wherein said modifying group is covalenlly attached to said Factor IX 
peptide through an intact glycosyi linking group, said Factor DC peptide comprising a 
glycosyl residue having a formula which is a member selected from: 
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(Fuc), x{[GlcNAo<GalU-(Sia) r (RX \ 

GlcNAc-GlcNAc-Man ^tf 1 ^^"^-^! ; 

\^([GlcNAc<Gal)J g - (Sia),- (R) x ) t 

^ ([GlcNAcKGalUr (Sia) m - <R)j 
-| ; <5^Ac-(GaI) n -(Sia) p -(R.)J ; — (^}lc-(Xyl)J ;and 

q bb 

— -Fnc^Glcl^c)^Gal)^Sia)J-(R) ffi 
wherein 

a, b, c, d, i, n, o, p, q, r, s, t, u, bb, cc, dd, ee, ff and gg are members 

independently selected from 0 and 1 ; 
e, £ g, h and aa are members independently selected from the integers from 0 
5 to6; 

j, k, 1 and m are members independently selected from the integers from 0 to 

20; 

v, w, x, y andz are 0; 

R is a modifying group, amannose or an oligomannose; 
10 said method comprising: 

(a) contacting said Factor DC peptide with a glycosyltransferase and a 

modified glycosyl donor, comprising a glycosyi moiety which is a 
substrate for said glycosyitransferase covalently bound to said 
modifying group, under conditions appropriate for the formation of 
IS said intact glycosyl linking group. 

168. The method of claim 167, further comprising: 

(b) prior to step (a), contacting said Factor IX peptide with a siali das e undo: 

conditions appropriate to remove sialic acid from said Factor DC 
peptide. 

20 169. The method of claim 167, further comprising: 
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(c) contacting the product formed in step (a) with a sialyitransferase and a 

sialic acid donor under conditions appropriate to transfer sialic acid to 
said product 

170. The method of claim 168, further comprising: 

(d) contacting the product from step (b) with a galactosyltransferase and a 

galactose donor under conditions appropriate to transfer said galactose 
to said product 

171. The method of claim 170, finther comprising: 

(e) contacting the product from step (d) with ST3Gal3 and a sialic acid donor 

under conditions appropriate to transfer sialic acid to said product 

172. The method of claim 167, further comprising: 

(d) contacting the product from step (a) with a moiety that reacts with said 
modifying group, thereby forming a conjugate between said intact 
glycosyl linking group and said moiety. 

173. The method of claim 167, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

174. The method of claim 167, wherein 
a,b, c, anddare 1; 

e, £ g and h are members independently selected from the integers from 1 
to4; 

aa, bb, cc, dd, ee^ «, j, k, 1, m, i, n, o, p, q, r, s, t and u are members 

independently selected from 0 and 1 ; and 
v, w, x, y, z and gg are 0. 

175. The method of claim 167, wherein 

a, b, c, d, n, q are independently selected from 0 and 1; 

aa, e, £ g and h are members independently selected from the integers 

from 1 to 4; 
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bb, cc, dd, ee, ft, j, k, 1, m, i, o, p, r, s, t and u are mentoere independently 

selected from 0 and 1; and 
v, w,x, y, z and gg are 0- 

176. The method of claim 167, wherein 
a,b,c,d,n,bb,cc>ddandffarel; 

e, £ g, h and aa are members independently selected from the integers 
from 1 to 4; 

ee> U j > k» 1» m, o, p, r, s, t and u are members independently selected from 
and 1; and 
v, w, x, y, z and gg are 0. 

177. Hie method of claim 167, wherein 
a,b,c,dandqarel; 

e, f, g and h are members independently selected from the integers from 1 
to 4; 

aa, bb, cc, dd, ee, £ j, k, 1, m, i, n, o, p, r, s, t and u are members 

independently selected from 0 and 1 ; and 
v, w, x, y, z and gg are 0. 

178. The method of claim 167, wherein 
a,b, c, d,q>bb, cc, dd andffare 1; 

aa, e, f, g and h are members independently selected from the integers 
from 1 to 4; 

ee, i, j, k, 1, m, o,p, r, s, t and u are members independently selected from 
0 and 1; and 

v, w, x, y, z and gg are 0. 

179. A Factor DC peptide conjugate formed by the method of claim 167. 
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180. A method of forming a conjugate between a follicle stimulating hormone 
(FSH) peptide and a modifying group, wherein said modifying group is covalenily attached 
to said FSH peptide through an intact glycosyl linking group, said FSH peptide comprising a 
glycosyl residue having the formula: 

At vr a pixta xvr [GlcNA(KGalU-(SiaX- (R)J 8 

- -GlcNAoGlcNAoMan 



\^([GlcNAcKGal)J g - (Sia^- (R\ ) t 



wherein 



10 



15 



20 



a, b, c, d, i, q, r, s, t, and u are members independently selected from 0 and 1 ; 
e,£g, and h are members independently selected from the integers between 0 
and 6; 

j , k, 1, and m are members independently selected from the integers between 0 

and 100; 
v, w, x, and y are 0; and 

R is a modifying group, amannose or an oligomannose; 
said method comprising: 

(a) contacting said FSH peptide with a glycosyitransferase and a modified 
glycosyl donor, comprising a glycosyl moiety which is a substrate for 
said glycosyhransfarase covalently bound to said modifying group, 
under conditions appropriate for the formation of said intact glycosyl 
; group. 



181. The method of claim 180, further comprising: 
(b) prior to step (a), contacting said FSH peptide with a sialidase under conditions 
appropriate to remove sialic acid from said FSH peptide. 
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182. The method of claim 180, farther comprising: 

(c) contacting the product of step (a) with a sialyitransf erase and a sialic acid donor 

under conditions appropriate to transfer sialic acid to said product 

183. Hie method of claim 1 80, further comprising: 

(d) prior to step (a), contacting said FSH peptide with a galactosidase under 

conditions appr op riate to remove galactose from said FSH peptide . 

184. The method ofcfcim 180, further comrprising: 

(e) prior to step (a) contacting said FSH peptide with a combination of a gjycosidase 

and a sialidase. 

185. Hie method of claim 180, further comprising: 

(f) prior to step (a), contacting said FSH peptide with a galactosyl transferase and a 

galactose donor under conditions appropriate to transfer said galactose to said 
FSH peptide. 

186. The method of claim 180, further comprising: 

(d) contacting the product from step (a) with a moiety that reacts with said modifying 

group, thereby forming a conjugate between said intact glycosyl finking group 
and said moiety. 

187. The method of claim 180, further comprising: 

(e) prior to step (b), contacting said FSH peptide with an endoglycanase under 

conditions appropriate to cleave a glycosyl moiety from said FSH peptide. 

188. The method of claim 180, further comprising: 

(f) prior to step (a), contacting said FSH peptide with N-acetylghicosamine transferase 

and a GlcNAc donor under conditions app r opriate to transfer GlcNAc to said 
FSH peptide. 
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5 

i; 



10 



15 



20 



189. The method of claim 180, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a 
glycoconjugate. 

190. The method of claim 180, wherein 

a, b, c, d, i, j, k, 1, m, q, r, 8, t, and u are members independently selected from 0 and 

e, £ g, and hare 1; and 
v, w, x, and y are 0. 

191. The method of claim 180, wherein 
a,b,c,d,e,£g,h,ij,k,l,m,q,r,s,t,anduare members independently selected 
from 0 and 1; 

v,w,x,andyare0. 

192. The method of claim 180, wherein 
a,b,c,d,^h,j,k,l,m,s,ii,v,w,x,andyareO;and 
e,g,i,q,r, and tare members independently selected from 0 and L 

193. The method of claim 1 80, wherein 
a,b,c,d,e,£g,h,j,k,l,andmare0; 

i,q,r,s,t,u,v, w,x, and y are independently selected from 0 and 1; 

pis i; 

R (branched or linear) is a member selected from mannose and oHgomannose. 

194. The method of claim 180, wherein 
a,b,c,d,e,t&M»k,lm»r,s,t,n,v,w,aiidyareO; 
iis0orl;and { 



qisl. 



195. A FSH peptide conjugate formed by the method of claim 180. 
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;and 



196. A method for forming a conjugate between an erythropoietin (EPO) 
peptide and a modifying group, wherein said modifying group is covalently attached to said 
EPO peptide through an intact glycosyi linking group, said EPO peptide comprising a 
glycosyl residue having a formula which is a member selected from: 

5 (Fuc* .([GlcNAcKGalU- (Sia)r (R)» ) r 

— GlcNAc-GlcNAc-Man / 4m -[[^A<KGal) b ] f -(Sia) k -(R) w ) 8 

N^/fEGlcNAc-CGal)^- (Sia), - (R)x ] t 

N [[GlcNAcKGalXJ,,- (SiaV (R^ 

io /W- ^ 

— [^amAc-CGalMSiaVCR^ 
wherein 

a, b, c, d, i, n, o, p, q, r, s, t, and u are members independently selected 
IS from 0 and 1; 

e, £ g, and h are members independently selected from the integers 

between 0 and 4; 
j, k, L> and m are members independently selected from the integers 

between 0 and 20; 

20 v, w, x, y, and z are 0; and 

R is a modifying group, a mannose or an oligomannose; 
said method comprising: 

(a) contacting said EPO peptide with a glycosyltransferase and a modified 
glycosyl donor, comprising a glycosyl moiety which is a substrate for 
25 said glycosyitransferase covalently bound to said modifying group, 

under conditions appropriate for the formation of said intact glycosyi 
linking group. 

197. The method of claim 196, further comprising: 

(b) prior to step (a), contacting said EPO peptide with a siatidase under conditions 
30 appropriate to remove sialic acid from said EPO peptide. 



-417- 



WO 03/031464 



PCTYUS02/32263 



198. The method of claim 196, further comprising: 

(c) contacting the product of step (a) with a sialyitransf erase and a sialic acid donor 

under conditions appropriate to transfer sialic acid to said product 

199. The method of claim 196, further comprising: 

(d) prior to step (a), contacting said EPO peptide with a galactosidase operating 

synthetically under conditions appropriate to add a galactose to said EPO 
peptide. 

200. The method of claim 196, further comprising: 

(e) prior to step (a), contacting said EPO peptide with a galactosyl transferase and a 

galactose donor under conditions appropriate to transfer said galactose to said 
EPO peptide. 

201. The method of claim 200, further comprising: 

(f) contacting the product from step (e) with ST3Gal3 and a sialic acid donor under 

conditions appropriate to transfer sialic acid to said product 

202. The method of claim 196, further comprising: 

(g) contacting the product from step (a) with a moiety that reacts with said modifying 

group, thereby forming a conjugate between said intact glycosyl linking group 
and said moiety. 

203. The method of claim 196, further comprising: 

(h) prior to step (a), contacting said EPO peptide with N-acetylgluco samine 

transferase and a GlcNAc donor under conditions appropriate to transfer 
dcNAc to said EPO peptide. 

204. The method of claim 196, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a 
glycoconjugate. 

205. The method of claim 196, wherein 
a, b, c, d, e, f, g, n, and q are 1 ; 
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h is a member selected from the integers between 1 and 3; 
i, j, k, 1, m, o, p, r, s, t, and u are members independently selected from 0 and 1; 
and, v,w,x,yandzare0. 

206. The method of claim 196, wherein 
a, b, c, d, f, h, j , k, 1, m, q, s, u, v, w, x, y, and z arc 0; and 
e, g, i, r, and t are members independently selected from 0 and 1. 

207. The method of claim 196, wherein 
a^Cjd^t&ki^k^nw^ independently 
selected from 0 and 1; and 
v, w,x,y,andzare0. 

208. The method of claim 196, wherein 
a, b, c, d, e, £ g, n, and q are 1 ; 

h is a member selected from the integers between 1 and 3; 
15 i, j , k, 1, m, o, p, r, s, t, and u are members independently selected from 0 and 1 ; and 

v,w,x,yandzare0. 

209. The method of claim 196, wherein 
a,b,c»d,£h,j,k,l,m,o,p,s,ii > v,w,x,y,aiidzaieO;and 
e, g, i, n, q, r, and t are independently selected from 0 and 1. 

20 210. The method of claim 196, wherein 

a,b,c,d,£lij»k,l,m,ii^^ 

e,g,i,q,r,andtare members independently selected from 0 and 1 . 

211. The method of claim 196, wherein 

qisl; 

25 a,b,c,d,e,£g,h,i,n,r,s,t,anduare members independently selected from 0 

and 1; and 

j, k, 1, m, o, p, v, w, x, y, and z are 0. 

212. An EPO peptide conjugate formed by the method of claim 196. 
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213. A method for forming a conjugate between a granulocyte macrophage 
colony stimulating fector (GM-CSF) peptide and a modifying group, wherein said modifying 
group is covalently attached to said GM-CSF peptide through an intact glycosyl linking 
5 group, said GM-CSF peptide comprising a glycosyl residue having a formula selected from: 



r 



r 



icNA(dGlcNAc-Man 



10 



^/([CHcNAiKGal)^- (Sia)j - (K\ \ 
/ ^[[GlcNAcKGal^lf-CSia^-CR^s 
N^/jGlcNAcKGal)^ (Sia), - (R)* \ 

([GlcNAc-(Gal)d]h- (Sia)„,- (R)/^ 



y 



; and 



(Sia) Q 

— |-GaINAc-(Gal) n -(Sia)p--(R)j 



wherein 



15 



20 



25 



a, b, c> d, i, n, o, p, q, r, s, t, u, aa, bb, and cc are members 

independently selected from 0 and 1; 
e, £ g, and h are members independently selected from the integers 

between 0 and 6; 
j, k, 1, and m are members independently selected from the integers 

between 0 and 100; 
v,w,x,andyare0; 

Ris a modifying group, mannose or oligomannose; and 
R* is H or a glycosyl residue, or a modifying group or a 
glycoconjugate, 
said method comprising: 

(a) contacting said GM-CSF peptide with a glycosyltransferase and a 

modified glycosyl donor, comprising a glycosyl moiety which is a 
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substrate for said glycosyltransferase covalenfly bound to said 
modifying group, under conditions a ppr op r iate for the formation of 
said intact glycosyl linking group. 

214. The method of claim 213, further comprising: 

(b) prior to step (a), contacting said GM-CSF peptide with a sialidase under 

conditions appropriate to remove sialic acid from said GM-CSF peptide. 

215. The method of claim 213, further comprising: 

(c) contacting the product from step (a) with a moiety that reacts with said modifying 

group, thereby forming a conjugate between said intact glycosyl linking group 
and said moiety. 

216. The method of claim 213, further comprising: 

(d) prior to step (a) contacting said GM-CSF peptide with a combination of a 

glycosidase and a sialidase. 

217. The method of claim 213, further comprising: 

(e) prior to step (a), contacting said GM-CSF peptide with an endoglycanase under 

conditions appropriate to cleave a glycosyl moiety from said GM-CSF 
peptide. 

218. The method of claim 213, further comprising: 

(f) prior to step (a), contacting said GM-CSF peptide with N-acetyiglucosamra 

transferase and a GlcNAc donor under conditions appropriate to transfer 
GlcNAc to said GM-CSF peptide. 

219. The method of claim 213, further comprising: 

(g) prior to step (a) contacting said GM-CSF peptide with amannosidase under 

conditions appropriate to cleave a mannose residue from said GM-CSF 
peptide. 
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220. The method of claim 213, further comprising: 

(h) prior to step (a), contacting said GM-CSF peptide with ST3Gal3 and a sialic acid 
donor under conditions appropri ate to transfer sialic acid to said product 

221. The method of claim 213, wherein said modifying group is a member 
selected from a polymer, a toxiii, a radioisotope, a therapeutic moiety and a 
glycoconjugate. 

222. The method of claim 213, wherein 

a, b, c, d, i, j, k, I, m, o, p, q, r, s, t, u, and aa are members independently selected from 

Oandl; 
bb,e,£g,h,andnare l;and 
cc, v, w, x, y, and z arc 0. 

223. The method of claim 213, wherein 

a,b,c,d,i,j,k,l,m,o, p, q, r, s, t, u, and aa are members independently selected from 
0 and 1; 

bb, e, £ g, h, and n are members independently selected from 0 and 1; and 
cc, v, w,x, y, andz are 0. 

224. The method of claim 213, wherein 
cc,a,b,c,d,tb,j»tl,m,o,p,s,u,v,w,x,y,andzareO;aiid 

e, g, i, n, q, r, t, and aa are members independently selected from 0 and 1; and 
bb is 1. 

225. The method of claim 213, wherein 
a,b,c,d,e>t&^ij»k,l»m,n»o,p,zandccareO; 

q, r, s, t, u, v, w, x, y, and aa are members independently selected from 0 and 1 ; bb 
is 1; and 

R is maxmose or oligomannose. 

226. The method of claim 213, wherein 

a, b, c, d, e, £ g, h, i, j, k, 1, m, o,q,r,s,t,u,aa, and bb axe members 
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independently selected from 0 and 1; and 
n, p, v, w, x, y, z» and cc are 0. 



227. A GM-CSF peptide conjugate fonned by the method of claim 213. 



228. A method of forming a conjugate between an interferon gamm a p eptide 
and a modifying group, wherein said modifying group is covalently attached to said 
interferon gatrnna peptide through an intact glycosyl linking group, said interferon gamma 
peptide comprising a glycosyl residue having the formula: 

r 



^[dcNAi><Gal)J e - <Sia^— (R) y } 



(Pack ' v Mm r 

— -OcNAc*HcNAc-Man > 



I 



v. 



\ J[GlcNAiKOaI)J g - (Sia), - (R) x ) t 
Mian 

^[GkNAiKGalXiK - (Sia^- (R) y ) ^ 



10 

wherein 

a, b, c, d, i, n, p, q, r, s, t, and u are members independently selected 
from 0 and 1; 

e> £ g, and h are members independently selected from the integers 
IS between 0 and 6; 

j , k, 1, and m are members independently selected from the integers 

between 0 and 100; 
v,w,x,andyare0; 

R is a modifying group, mannose or oligomannose; and 
20 R* is H or a glycosyl residue, a glycoconj ugate, or a modifying group, 

said method comprising: 



-423- 



WO 03/031464 PCT/US02/32263 



(a) contacting said interferon gamma peptide with a member selected flam a 
glycosyltransferase and a galactosidase operating synthetically and a 
modified glycosyl donor, comprising a glycosyl moiety which is a 
substrate for said glycosyitransferase covalently bound to said 
5 modifying group, under conditions appropriate for the formation of said 

intact glycosyl linking group. 

229. The method of claim 228, further comprising: 

(b) prior to step (a), contacting said interferon gamma peptide with a sialidase under 

conditions appropriate to remove sialic acid from said interferon gamma 
10 peptide. 

230. The method of claim 228, further comprising: 

(c) contacting die product from step (a) with a moiety that reacts with said modifying 

group, thereby forming a conjugate between said intact glycosyl linking group 
and said moiety. 

15 231. The method of claim 228, further comprising: 

(d) prior to step (a) contacting said interferon gamma peptide with a combination of a 

glycosidase and a sialidase. 

23 2. The method of claim 228, further comprising: 

(e) prior to step (a), contacting said interferon gamma peptide with an endo glycanase 
20 under conditions appropriate to cleave a glycosyl moiety from said interferon 

gamma peptide. 

233. The method of claim 228, further comprising: 

(f) prior to step (a), contacting said interferon gamma peptide with N- 

acetylghicosamine transferase and a GlcNAc donor under conditions 
25 appropriate to transfer GlcNAc to said interferon gamma peptide. 

234. The method of claim 228, further comprising: 
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(g) prior to step (a), contacting said interferon gamma peptide with a galactose 

transferase and a galactose donor under conditions appropriate to transfer 
galactose to said product 

235. Hie method of claim 228, further comprising: 

(h) contacting the product of step (a) with a sialjdtransferase and a sialic acid donor 

undo: conditions appropriate to transfer sialic acid to said product 

236. The method of claim 228, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a 
glycoconjugate. 

237. The method of claim 228, wherein 

wherein a, b, c> d, i, j, k, 1, m, q, p, r, s» t, and u are membere independently 
selected from 0 and 1; 
e,£g,andharel;and 
n,v,w,x, andyareO. 

238. The method of claim 228, herein 

a, b, c, 4 U h K I» H r, s, t, and u are members independently selected 
from 0 and 1; 

P»q,e,t&andbarel; and 
n,v,w,x, andyareO. 

239. The method of claim 228, wherein 
a,b,c > d,^h,j,k,l,m,n,s > u,v,w,x,andyaieO;and 

e> g, i, q, r, and t are membere independently selected from 0 and 1; and 
pis 1. 

240. The method of claim 228, wherein 
a, b, c, d, e, £ g, h, i, j, k, 1, m, and n are 0; 

q, r, 8, t, u, v, w, x, and y are members independently selected from 0 and 1; ami 
pis 1; and 
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i; 



R is mannose or otigomannose. 

241. The method of claim 228, wherein 
a,b,c, d,ij,k,l,m,q,r, s,t,anduaie members independently selected from 0 and 

e, £ g, h, andp are 1; and 
n,v,w,x,andyare0. 



228, 



242. An interferon gamma peptide conjugate formed by the method of claim 



10 243. A method of forming a conjugate between an alpha 1 protease inhibitor 

(A-l-PI) peptide and a modifying group, wherein said modifying group is covalently attached 
to said A-l-PI peptide through an intact glycosyi linking group, said A-l-PI peptide 
comprising a glycosyl residue having the formula: 



GlcNA^GlcNAc-M«n 
I 



Man 



> ({Gl<^A<KGaDJ e -(Sia),- (R) T ]^ 

^[GlcMAiKGaOJf - (Sia^- (R^ ) fl 
\ f[GlcNAo-(GaI)J g _ (Sia), - (R\ J 

^{GlcNAcKGaOJ,, - (Sia),.- (R), ) ^ 



J 



wherein 

15 a, b, c, d, i, n, p, q, r, s, t, and u are members independently selected 

from 0 and 1; 

e, £ g, and h are members independently selected from the integers 
between 0 and 6; 

j, k, 1, and m are members independently selected from the integers 
20 between 0 and 100; 

v,w,x,andyare0; 

R is a modifying group, mannose and oligomannose; and 



-426- 



WO 03/031464 



PCT/US02/32263 



250. The method of claim 243, further comprising: 

(h) prior to step (a), contacting said A-l-PI peptide with a member selected from a 

mannosidase, a xylosidase, a hexosaminidase and combinations thereof under 
conditions appropriate to remove a glycosyl residue from said A-l-PI peptide. 

251. The method of claim 243, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a 
glycoconjugate. 

252. The method of claim 243, wherein 

a, b, c, d,i, j, k, 1, m, q, r, s, t, and n are members independently selected from 0 and 
l;and 

e, $ g, and h are 1 ; and n, v, w, x, and y are 0. 

253. The method of claim 243, wherein 

a, b, c, d, e, £ g, h, i, j , k, 1, m, q, r, s, t and u are members independently selected 
from 0 and 1; and 
n, v, w, x, and y are 0. 

254. The method of claim 243, wherein 

a, b, c, d, £ h, j, k, 1, m, n, s, o, v, w, x, and y are 0; and 

e» & i, q, r, and t are members independently sdected from 0 and 1. 

255. The method of claim 243, herein 
n, a, b, c, d, e, £ g, h, i, j, k, 1, and m are 0; 

q, r, s, t, u, v, w, x, and y area members independently selected from 0 and 1; and 
pis 1. 

256. The method of claim 243, wherein 
a,b,c,d,^£g,h,iJ,k,I,m,n,p,andqareO; 

r, s, t, u, v, w, x, and y are members independently selected from 0 and 1 . 
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257. Hie method of claim 243, wherein 
a,b,c,d,e,£g,h,ij,k,l,m,r,s,t,aiuiuare 

Oandl; 
p» v, w, x, and y are 0; and 
n and q are 1. 



258. An alpha 1 protease inhibitor peptide conjugate formed by the method of 



claim 243. 



10 259. A method of forming a amjugaie between a beta ghicosidase peptide and 

a modifying group, wherein said modifying group is covalently attached to said beta 
ghicosidase peptide through an intact glycosyi linking group, said beta ghicosidase peptide 
comprising a glycosyi residue having die formula: 



r 



I 



v. 



/ 



^[GteNAcKGalXJ, - (Sia)j- (R) T ^ 

JcOkHAcKQaOJ, -(Sia),-(R) x ) t 
^[[GfcNAiKGaOA -(Siafc.- (R) y ) ^ 



wherein 

a, b, c, d, i, n, p, q, r, s> t, and u are members independently selected 
fromO and 1; 

e, £ g, and h are members independently selected from the integers 

between 0 and 6; 
j , k, 1, and m are members independently selected from the integers 

between 0 and 100; and 
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v,w,x,andyareO; 

R is a modifying group, amannose or an oligomarmose; and 
R' is H or a glycosyl residue, a glycoconjugate, or a modifying group, 
said method comprising: 

(a) contacting said beta glucosidase peptide with a glycosyltransferase and a 
modified glycosyl donor, comprising a glycosyl moiety which is a 
substrate for said glycosyltransferase covalently bound to said 
modifying group, undo* conditions appropriate for the formation of 
said intact glycosyl linking group. 

260. The method of claim 259, further comprising: 

(b) prior to step (a), contacting said beta glucosidase peptide with a sialidase under 

conditions appropriate to remove sialic acid from said beta glucosidase 
peptide. 

261. The method of claim 259, further comprising: 

(c) contacting the product from step (a) with a moiety that reacts with said modifying 

group, thereby forming a conjugate between said intact glycosyl linking group 
and said moiety. 

262. The method of claim 259, further comprising: 

(d) prior to step (a) contacting said beta glucosidase peptide with a combination of a 

glycosidase and a siaHdase. 

263. The method of claim 259, further comprising: 

(e) prior to step (a), contacting said beta glucosidase peptide with an endogiycanase 

under conditions ap pro pr i ate to cleave a glycosyl moiety from said beta 
glucosidase peptide. 

264. The method of claim 259, further comprising: 

(f) prior to step (a), contacting said beta glucosidase peptide with N- 

acetyighicosamine transferase and a GlcNAc donor under conditions 
appropriate to transfer GlcNAc to said beta glucosidase peptide. 
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265. The method of claim 259, farther comprising: 

(g) prior to step (a), contacting said beta ghicosidase peptide with a galactosyl 

transferase and a galactose donoer under conditions appropriate to transfer 
galactose to said product 

266. The method of claim 259, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a 
glycoconjugate. 

267. The method of claim 259, wherein 

a, b, c, d, i, j , k, 1, m, q, r, s, t, and u are members independently selected from 0 and 

p,e,£g,andharel;aiid 
n,v,w,x,andyareO. 

268. The method of claim 259, wherein 

a, b, c, d, e> f, g, h, i, j, k, 1, m, q, r, s, t, and u are members independently selected 
from 0 and 1; and 
n, v,w,x,andyareO. 

269. The method of claim 259, wherein 

a, b, c> d, f, h, k, t m, n, s, u, v, w, x, and y are 0; 

e, g, i, q, r, and t are members independently selected from 0 and 1; and 

pis 1. 

270. The method of claim 259, wherein 
n, a, b, c> d, e, £ g, h, i, j, k, 1, and m are 0; 

q, r, s, t, u, v, w, x, and y are members independently selected from 0 and 1; 
pis 1; and 

R is mannose or oligpmannose. 



271. A beta ghicosidase peptide conjugate formed by the method of claim 

259. 
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272. A method of forming a conjugate between a tissue plasminogen activator 
(TPA) peptide and a modifying group, wherein said modifying group is covalently attached 
to said TPA peptide through an intact glycosyi linking group, said TPA peptide having a 
glycosyl subunit comprising the formula: 



r 



r 

(Fuc)i 



GlcNAearlcNAo-Man 



wherein 



10 



15 



20 



25 



^ M /[[C51cNAc-(Gal)J e - (Sia),- (R), p\ 
/ ^[[GlcNAc-CGalXJf-CSiaX- (R)J 
N^/ftGlcNAc-CGaDJg- (Sia), - (R), \ 

N (tGlcNAcKGal)^- (SiaV (R),? 



a, b, c, d, i, n, o, p, q, r, s, t, u, v, w, x and y are members 

independently selected fiomO and 1; 
e, £ g, and h are members independently selected from the integers 

from 0 and 6; 

j, k,L, and m are members independently selected from the integers 

from 0 and 100; 
R is a modifying group, mannose or oligomannose; 
R* is H or a glycosyl residue, a gfycoconjugate, or a modifying group; 

and 

R* is a glycosyl group, a glycoconjugate or a modifying group; 



(a) contacting said TPA peptide with a member selected from a 

glycosyitransferase and a glycosidase operating synthetically and a 
modified glycosyl donor, comprising a glycosyi moiety which is a 
substrate for said gjycosyltransferase covalently bound to said 
modifying group, under conditions appropriate for the formation of said 
intact glycosyi linking group. 
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273. The method of claim 272, further comprising: 

(b) prior to step (a), contacting said TP A peptide with a siahdase under conditions 

appropriate to remove sialic acid from said TP A peptide. 

274. The method of claim 272, further comprising: 

(c) contacting the product of step (a) with a sialyitransf erase and a sialic acid donor 

under conditions appropriate to transfer sialic acid to said product 

275. The method of claim 272, further comprising: 

(d) prior to step (a), contacting said TP A peptide with a galactosyl transferase and a 

galactose donor under conditions appr o pri ate to transfer said galactose to said 
TP A peptide. 

276. The method of claim 272, further comprising: 

(e) prior to step (a) contacting said TPA peptide with a combination of a glycosidase 

and a sialidase. 

277. The method of claim 272, further comprising: 

(f) contacting the product from step (a) with a moiety that reacts with said modifying 

group, thereby forming a conjugate between said intact gjycosyi linking group 
and said moiety. 

278. The method of claim 272, further comprising: 

(g) prior to step (a), contacting said TPA peptide with N-acetylglucosamine 

transferase and a GlcNAc donor under conditions appropriate to transfer 
GlcNAc to said TPA peptide. 

279. The method of claim 272, further comprising: 

(h) prior to step (a), contacting said TPA peptide with an endoglycanase under 

conditions appropriate to cleave a -glycosyi moiety from said TPA peptide. 
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280. The method of claim 272, further comprising: 

(i) prior to step (a), contacting said TP A peptide with a member selected from a 
mannosidase, axylosidase, a hexosaminidase and combinations thereof under conditions 
appropriate to remove a glycosyl residue from said TPA peptide. 

281. The method of claim 272, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

282. The method of claim 272, wherein 
a,b,c,darel; 

e, £ g and h are members selected from the integers between 1 and 3; 
i,j,k,l, m,r,8,t, and u are members independently selected from 0 and 1 ; and 
n, o, v, w, x, and y arc 0. 

283. The method of claim 272, wherein 

a, b, c, d, £ h, j, k, 1, m, n, o, s, u, v, w, x, and y are 0; 

e, g, i, r, and t are members independently selected from 0 and 1 ; and 

qandp ate 1. 

284. Hie method of claim 272, wherein 

a, b, c, d, e^ £ g, h, i, j, k, 1, m, p, q, r, s, t, and u are members independently selected 

from 0 and 1; and 
n, o, v, w, x, and y are 0. 

285. The method of claim 272, wherein 
a,b,c,d,e,£g,andparel; 

h is a member selected from the integers between 1 and 3; 

j, k,l,m,i,q,r, s,t, and u are members independently selected from 0 and 1; and 

n, o, v, w, x,andy are 0. 

286. Hie method of claim 272, wherein 

a, b, c, d, f, h, j , k, 1, m, n, s, u, v, w, x, and y are 0; 

e, g, i, q, r, and t are members independently selected from 0 and 1 ; 
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ois l;and 
R" is xylose. 



287. The method of claim 272, wherein 
a, b, c, d, i, j, k, 1, m, q, r, s, t, and u are members independently selected from 0 and 



l; 



e,£g,andhare 1; and 
n, o, v, w, x, and y are 0. 

288. The method of claim 272, wherein 
a,b,c,d,e»j^g,h,j,k,l,m > n,r,s,t,ii,v,w,x,andyareO; 

i and q are members independently selected from 0 and 1; and 
pis 1. 

289. The method of claim 272, wherein 
a,b,c,d,e,t&h»j,k,l,m,o,r,s,t,Ti,v,w,x,andyareO; 
i and q are members independently selected from 0 and 1; 
p is 0; and 

nis 1. 

290. A TPA peptide conjugate formed by the method of claim 272. 

291. A method of forming a conjugate between an interleukin 2 (IL-2) peptide 
and a modifying group, wherein said modifying group is covalentiy attached to said IL-2 
peptide through an intact glycosyi linking group, said IL-2 peptide comprising a glycosyi 
residue having the formula: 
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(£) prior to step (a) contacting said IL-2 peptide with galactosyitransferase and 
a galactose donor under conditions appropriate to transfer galactose to said IL-2 peptide. 

297. The method of claim 291, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

298. The method of claim 291, wherein 

a and e are members independently selected from 0 and 1; and 
b, c, and d are 0. 

299. Hie method of claim 291, wherein 
a,b, c,d,andeareO. 

300. An IL-2 peptide conjugate formed by die method of claim 291 . 



301. A method of forming a conjugate between a Factor VHI peptide and a 
modifying group, wherein said modifying group is covalenfly attached to said glycopeptide 
15 through an intact glycosyl linking group, said glycopeptide comprising a glycosyl residue 
having a formula which is a member selected from: 



r 



I 



^^cNA4-GkNAo-Man 
I 



a 



and 



^[GlcNAiKGalU. -<Sia),- (R) y ^ 

^([GkNAiKOaDJ, -(Sh)»- (R)J t 
^[(BcNAtKGalU, - (SiaX,,- (R), ] ^ 



V 



cc 



rr- ] 

— |-GaINA<KG a l) n -(Si a ) p - (R) 



wherein 
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a,b,c, d, i, n, o,p, q, r, s, t, u, aa, cc, and dd are members 

independently selected from 0 and 1 ; 
e,£g, and h are members independently selected from the integers 

between 0 and 6; 
j, k, 1, and m are members independently selected from the integers 

between 0 and 20; 
v, w, x, y and z are 0; and 

R is a modifying group, a mannose or an oligomannose; 
R'isa member selected from H, aglycosyl residue, a modifying group 
and a glycoconjugate, 
said method comprising: 

(a) contacting said glycopeptide with a glycosyltransferase and a modified 
glycosyl donor, comprising a glycosyl moiety which is a substrate for 
said glycosyltransferase covalently bound to said modifying group, 
under conditions appropriate for the formation of said intact glycosyl 
linking group. 

302. The method of claim 301, further comprising: 

(b) prior to step (a), contacting said gjycop eptide with a sialidase under conditions 

appropriate to remove sialic acid from said glycopeptide. 

303. The method of claim 301, further comprising: 

(c) contacting the product of step (a) with a sialyltransf erase and a sialic acid donor 

under conditions appropriate to transfer sialic acid to said product 

304. The method of claim 301, further (xjmprismg: 

(d) prior to step (a), contacting said glycopeptide with a galactosyl transferase and a 

galactose donor under conditions appropriate to transfer said galactose to said 
glycopeptide. 
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305. The method of claim 301, further comprising: 

(e) contacting the product from step (a) with a moiety that reacts with said modifying 

group, thereby forming a conjugate between said intact glycosyi linking group 
and said moiety. 

5 306. The method of claim 301, further comprising: 

(f) prior to step (a), contacting said glycopeptide with N-acetyiglncosamine 

transferase and a GlcNAc donor under conditions appropriate to transfer 
GlcNAc to said glycopeptide. 

307. The method of claim 301, further comprising: 

10 (g) prior to step (a), contacting said glycopeptide with endoglycanase undo 1 

conditions appropriate to cleave a glycosyi moiety from said glycopeptide. 

308. The method of claim 301, further comprising: 

00 prior to step (a), contacting said glycopeptide with ST3 Gal3 and a sialic acid 
donor under conditions appropriate to transfer sialic acid to said product 

15 309. Hie method of claim 301, finther comprising: 

0) prior to step (a), contacting said glycopeptide with a mannosidase under conditions 
ap pr o pri ate to remove mannose from said glycopeptide. 

310. The method of claim 301, wherein said modifying group is a member 
selected fiom a polymer, a toxm, a radioisotope, a therapeutic moiety and a glycoconjugate. 

20 

311. The method of claim 301, wherein 

e, fy g,.and h are members independently selected from die integers between 1 and 

4; 

a, b, c, d, i, j, k, 1, m, n, o, p, q, r, s, t, u, aa, and cc are members independently 
25 selected fiom 0 and 1; and 

v, w, x, y, z, and dd are 0. 

312. A Factor VIII peptide conjugate formed by the method of claim 301. 
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313. A method of forming a conjugate between a tumor necrosis factor (TNF) 
alpha receptor/IgG fusion peptide and a modifying group, wherein said modifying group is 
covalenHy attached to said glycopeptide through an intact glycosyl linking group, said 
glycopeptide comprising a glycosyl residue having the formula: 



i 



^[<*cNAo<Gal)J e -(Sia),- (R^ 
(Fuc\ Man r ^ 

, \ ^[GkHA^GaDJ, -(Sia),-(R) x J t 
^[G^A^GaOJ. - (SiaX.- (R), ) 



^Man 



a, b, c, d, i, j, k; 1, m, q, r, s, t, u, w, ww, and z are members 
independently selected from 0 and 1; 
10 e, £ g, and h are members independently selected from the integers 

between 0 and 4; 
n, v,x,andyareO; 

R is a modifying group, a mannose or an oligomannose; and 
R 1 is a member selected from H, a glycosyl residue, a modifying group 
15 and a glycoconjugate, 

said method comprising? 

(a) contacting said glycopeptide with a g^ycosyitransferase and a modified 
glycosyl donor, comprising a glycosyl moiety which is a substrate for 
said glycosyltransferase covalently bound to said modifying group, 
20 under conditions appropriate for the formation of said intact glycosyl 

linking group. 
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314. The method of claim 313, further comprising: 

(b) prior to step (a), contacting said glycopeptide with a galactosyl transferase and a 

galactose donor under conditions appropriate to transfer said galactose to said 
glycopeptide. 

5 315. The method of claim 313, further comprising: 

(c) prior to step (a), contacting said glycopeptide with endoglycanase under conditions 

appropriate to cleave a glycosyi moiety from said glycopeptide. 

316. The method of claim 313, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

10 317. The method of claim 313, wherein 

a, c, i,j, and 1 are members independently selected from 0 and 1 ; 
e, g, q,r, t, and z are 1; and 

b, d, f> h, j, k, \ m, n, s, u, v, w, x, and y are 0. 

318. The method of claim 313, wherein 

IS e, g, i,r, and t are members independently selected from 0 and 1 

a, b, c, d, i h, j, k, I, m, n, s, u, v, w, x, and y are 0; and 
q and z are 1. 

319. A TNF alpha receptoi/IgG fiision peptide conjugate formed by the 
20 method of claim 313. 

320. A method of forming a conjugate between a urokinase peptide and a 
modifying group, wherein said modifying group is covalently attached to said urokinase 
peptide through an intact glycosyi linking group, said urokinase peptide comprising a 

25 glycosyi residue having the formula: 
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r 



(Fbc), 



I 



("[GlcNA^GalXJ,, -(Sia),- (R^ ] 
ft . v Man , ^ r 

\ J.[0«««AiKGaI)J I -(Sia) 1 -(R) J 
Man 1 
^[GlcNAtKGal)^ - (Sia).- (R), ] 



10 



15 



20 



wherein 

a, b, c, d, i, n, p, q, r, s, t, and u are members independently selected 
from 0 and 1; 

e, £ g, and h are members independently selected from the integers 

between 0 and 6; 
j , k, 1, and m are members independently selected from the integers 

-between 0 and 100; 
v, w,x, andyareO; 

R is a modifying group, a mannose or an oligomannose; and 
R 1 is H or a glycosyi residue, a glycoconjugate, or a modifying group; 
said method comprising: 

(a) contacting said urokinase peptide with a glycosyitransferase and a 

modified glycosyi donor, comprising a glycosyi moiety which is a 
substrate for said glycosyitransferase covalently bound to said 
modifying group, under conditions appropriate for the formation of 
said intact glycosyi linking group. 

321. The method of claim 320, further comprising: 
(b) prior to step (a), contacting said urokinase peptide with a sialidase under 

conditions appropriate to remove sialic add from said urokinase peptide. 
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322. The method of claim 320, further comprising: 

(c) contacting the product of step (a) with a sialyitransferase and a sialic acid donor 

under conditions appropriate to transfer sialic acid to said product 

323. The method of claim 320, further comprising: 

(d) prior to step (a), contacting said yrokmase peptide with a galactosyl transferase 

and a galactose donor under conditions appropriate to transfer said galactose 
to said urokinase peptide. 

324. The method of claim 320, further comprising: 

(e) prior to step (a) contacting said urolrinas e peptide with a combination of a 

glycosidase and a sialidase. 

325. The method of claim 320, further comprising: 

(f) contacting the product from step (a) with a moiety that reacts with said modifying 

group, thereby forming a conjugate between said intact glycosyl linking group 
and said moiety. 

326. The method of claim 320, further compr ising : 

(g) prior to step (a), contacting said urokinase peptide with N-acetylghicosamine 

transferase and a QcNAc donor under conditions appropriate to transfer 
GlcNAc to said urokinase peptide. 

327. Hie method of claim 320, farther com prising: 

(h) prior to step (a), contacting said urokinase peptide with an endoglycanase under 

conditions appropriate to cleave a glycosyl moiety from said urokinase 
peptide. 

328. The method of claim 320, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a 
glycoconjugate. 
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329. The method of claim 320, wherein 
a,b,c,d,i,j,k,Lm,q,r,s,t,anduare members independently selected fiom 0 and 

i; 

e,^ g, and hare 1; 

v, w, x, and y are 0; and 

pisl. 

330. The method of claim 320, wherein 

a»b»<^4e,£&h,ij,k,l,m,q,r,s,t, and u are members independently selected 
fiom 0 and 1; 

n, v, w, x, and y are 0; and 
pis 1. 

331. The method of claim 320, wherein 

a, b, c, d, f, h, j, k, 1, m, n, s, u, v, w, x, and y are 0; and 

e, g, i, q, r, and t arc members independently selected fiom 0 and 1 ; and 

pisl. 

332. The method of claim 320, wherein 

a, b, c, d, e, £ g, h, j, k, 1, m, n, r, s, t, n, v, w, x and y are 0; 

iis0orl;and 

q and pare 1. 

333. The method of claim 320, wherein 
a,b,c,d,i,j,k,l,m,q,r,s,t,anduareme^ 

i; 

e, f, g, and h are independently selected fiom 0, 1 X 3 and 4; and 
n,v,w,x,andyare0. 

334. The method of claim 320, wherein 

a, b, c, d, e, f, g, h, i, j, k, 1, m, o, r, s, t, n, v, w, x and y are 0; 

qisl;and 

nisOorl. 
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335. 



of claim 320. 



336. A method of fonning a conjugate between an anti-glycoprotein TTh/TTTfl 
monoclonal antibody pqrtide and a modifying group, wherein said modifying group is 
covalently attached to said glycopeptide through an intact glycosyl linking group, said 
glycopeptide comprising a glycosyl residue having a formula which is a member selected 
from: 



r 



.Man 



^[GfcNA<KGaI)J, -(Sia),- (R) r ] 



-CHcNAc GkNAo-Mm 



Man Jt 



; and 



— ^<WNA«Kea!^-(Sia) 5 fR)J t 



wherein 

a,b,c,d,i,j,k,l,m,r,s,t,u,z,aa,bb,cc,andeeare manb as 

independently selected from 0 and 1; 
e, £ g, and h are members independently selected from the integers 

from 0 and 4; 
n, v, w, x, y, and dd are 0; 

R is a modifying group a mannose or an oKgomannose; and 
R f is a member selected from H, a glycosyl residue, a modifying gp>up 
and a glycoconjugates, 

said method comprising: 
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(a) contacting said glycopeptide with a glycosyltransferase and a modified 
glycosyi donor, comprising a glycosyi moiety which is a substrate for 
said glycosyitransferase covalently bound to said modifying group, 
under conditions appropriate for the formation of said intact glycosyi 
5 linking group. 

337. The method of claim 336, further comprising: 

(b) prior to step (a), contacting said glycopeptide with a sialidase under conditions 
appropriate to remove sialic acid from said glycopeptide. 

338. The method of claim 336, further comprising: 

1 0 (c) contacting the product o f step (a) with a sialyltransferase and a sialic acid donor under 
conditions appropriate to transfer sialic acid to said product 

' 339. The method of claim 336, further comprising: 

(d) prior to step (a), contacting said glycopeptide with a galactosidase operating 

synthetically under conditions appropriate to add a galactose to said 
15 glycopeptide. 

340. The method of claim 336, farther cftmprigmg: 

(e) prior to step (a), contacting said glycopeptide with a galactosyl transferase and a 

galactose donor under conditions appropriate to transfer said galactose to said 
glycopeptide. 

20 341. The method of claim 340, forther comprising: 

(f) contacting the product from step (e) withST3Gal3 and a sialic acid donor under 

conditions appropri ate to transfer sialic add to said product 

342. The method of claim 336, further comprising: 

(g) contacting the product from step (a) with a moiety that reacts with said modifying 
25 group, thereby forming a conjugate between said intact glycosyi linking group 

and said moiety. 
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343. The method of claim 336, further comprising: 

(h) prior to step (a), contacting said glycopeptide with N-acetjighicosamine 

transferase and a GicNAc donor under conditions appropriate to transfer 
GlcNAc to said glycopeptide. 

344. The method of claim 336, further comprising: 

(I) prior to step (a), contacting said glycopeptide with endoglycanase under conditions 
appropriate to cleave a glycosyl moiety from said glycopeptide. 

345. The method of claim 336, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a 
glycoconjugate. 

346. The method of claim 336, wherein 

a, b, c,d,e>£g,h,i,j,k,l,mr, s, t, and u are memb ers independently selected from 0 
audi; 

n, v, w, x, and y are 0; and 
zisl. 

347. The method of claim 336, wherein 
a,b,c,d,e,^g,h,j,k,l,ni,ii,s,t > u,v,w,x,andyaieO; 

i and r are members independently selected from 0 and 1; and 
zisl. 

348. The method of claim 336, wherein 
a,b,c,d,e,£g,h,i,j,k,l,m,andnareO; 

r, s, t, u, v, w, x, and y are members independently selected from 0 and 1; and 
zis 1. 

349. The method of claim 336, wherein 

aa, bb, cc, and ee are members independently selected from 0 and 1 ; and 
ddisO. 
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350. The method of claim 336, wherein 

aa and ee are members independently selected from 0 and 1; and 
bb, cc, and dd are 0. 

351. The method of claim 336, wherein 
aa, bb, cc, dd, and ee are 0. 

352. An anti-glycoprotein nb/IHa monoclonal antibody peptide conjugate 
formed by the method of claim 336. 



10 353. A method of forming a conjugate between a chimeric anti HER2 

antibody peptide and a modifying group, wherein said modifying group is covalently attached 
to said chimeric anti HER2 antibody peptide through an intact glycosyl linking group, said 
chimeric anti HER2 antibody peptide comprising a glycosyl residue having the formula: 



r 



r 



-^GlcNAo GlcNAo-Man 



/([GlcNA(KGal)J r (Sia) r (R) v ^ 
{ ^([GlcNAcKGalU- (SiaV (R) w ) g 
\^([GlcNAcKGal)J g . (Sia),- (R) x ) t 



([GlcNAcKGal)^- (Sia) m - (R) y ) 



V 



J* 



15 



20 



■wherein 



a,b, c,d,i,j,k,L,q,r, s, t,u, and z are members independently 

selected from 0 and 1; 
e, f, g, and h are members independently selected from the integers 

between 0 and 4; 
n, v, w, x, and y are 0; 
misO-20; 

R is a modifying group, a mannose or an oligomannose; and 
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R' is a member selected from hydrogen and a glycosyi residue, and a 
modifying group, 
said method comprising: 

(a) contacting said chimeric anti HER2 antibody peptide with a 

glycosyltransferase and a modified glycosyi donor, comprising a 
glycosyi moiety which is a substrate for said glycosyltransferase 
covalently bound to said modifying group, under conditions 
appropriate for the formation of said intact glycosyi linking group. 

354. The method of claim 353, further comprising: 

(b) prior to step (a), contacting said chimeric anti HER2 antibody peptide with a 

galactosyl transferase and a galactose donor undo: conditions appropriate to 
transfer said galactose to said chimeric anti HER2 antibody peptide. 

355. The method of claim 353, further comprising: 

(c) prior to step (a), contacting said chimeric anti HER2 antibody peptide with 

endoglycanase under conditions appropriate to cleave a glycosyi moiety from 
said chimeric anti HER2 antibody peptide. 

356. The method of claim 353, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a 
glycoconjugate. 

357. Hie method of claim 353, wherein 

a, c, and i are members independently selected from 0 and 1 ; 
e,g,r,andtarel; 

b, d, £ h, j , k, I, m, n, s, u, v, w, x, and y are 0; and 
q and z are 1. 

358. The method of claim 353, wherein 
iisOorl; 

q and z are 1; and 

a,b,c,d,e,^g,h,j,k,l,m,n,r,s,t,u,v,w,x,andyareO. 
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368. An anti RSV F peptide conjugate formed by the method of claim 361. 

369. A method of forming a conjugate between an anti-CD20 antibody 
peptide and a modifying group, wherein said modifying group is covalently attached to said 

5 anti-CD20 antibody peptide through an intact glycosyl linking group, said anti-CD20 
antibody peptide having a glycosyl subunit comprising the formula: 



r 



10 



15 



(Fuc)i 



r 



cNAcfGlcNAc-Maii 



v. 



/([GacNA<KGal)Je. (Sia*- (R), 
/^([GlcNAcKGalXlf-CSiaX- (R)*)' 
X^fGacNAcKGal)^ (Sia),- (R\ jj 

v {[GlcNAc-CGal),^- (SiaV (R)yj* 



wherein , 

a, b, c> d, i, j, k, 1, m q, r, s, t, u and z are integers independently selected from 
Oandl; 

fy g, and h are independent selected from the integers from 0 to 4; 
20 n, v,w,x,andyareO; 

R is a modifying group, a mannose or an oligomannose; and 

R* is a member selected fiom H, a glycosyl residue, a glycoconjugate or a 
modifying group, 
said method comprising: 

25 (a) contacting said anti-CD20 antibody peptide with a glycosyitransferase and 

a modified glycosyl donor, comprising a glycosyl moiety which is a 
substrate for said glycosyitransferase covalently bound to said 
modifying group, under conditions appropriate for the formation of 
said intact glycosyl linking group. 



30 



370. The method of claim 369, said method further comprising: 
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(b) prior to step (a), contacting said anti-CD20 antibody peptide with a 

galactosyltransferase and a galactosyl donor under conditions 
appropriate fin* Hie transfer of said galactosyl donor to said anti-CD20 
antibody peptide. 

371. The method of claim 370, further comprising: 

(c) prior to step (b), contacting said anti-CD20 antibody peptide with 

endoglycanase under conditions ap p ropri ate to cleave a glycosyl 
moiety ftom said anti-CD20 antibody peptide. 

372. The method of claim 371, further comprising: 

(d) prior to step (a), contacting said anti-CD20 antibody peptide with a 

mannosidase under conditions appropr iate to remove mannose from 
said anti-CD20 antibody peptide. 

373. The method of claim 369, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

374. The method of claim 369, wherein said gjycosyltransferase is 
galactosyltransferase and said modified glycosyl donor is a modified galactosyl donor. 

375. The method of claim 369, wherein 

a, c, e, g and i are members independently selected from 0 and 1 ; 
r,t,qandzare l;and 

b, d, £ h, j, k, 1, m, n, s> u, v, w, x and y are 0. 

376. The method of claim 369, wherein 

a, c, e, g, i, q, r, and t are members independently selected from 0 and 

i; 

b, d, £ h, j, k, 1, xn, s, u, v, w, x, y are 0; and 
zisl. 

377. The method of claim 369, wherein 

e, g, i, q, r, and t are members independently selected from 0 and 1 ; 
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a,b,c,d,^h,j,k,l,m,n,s,u,v,w,x,aiidyaieO;and 
zis 1. 

378. The method of claim 369, wherein 

iisOorl; 

5 q and z are 1; and 

a,b,c,d,e > t&h,j^lm»n»r,s,t,u,v,w,xandyareO. 

379. The method of claim 369, wherein 

e, g, i, r, t, v, x and z are members independently selected from 0 and 

i; 

10 a,b,c,d,th,j,k,l,m,n,s,u,wandyareO;and 
zisL 

380. The method of claim 369, wherein 
a,b,c,d,e,^g,h,j,k,l,ni,r,s,t,u,v,w,xandyareO; 
n and q are 1; and 

15 iisOorl. 

381. An anti-€D20 antibody peptide conjugate formed by the method of 

claim 369. 

20 382. A method of forming a corgugate between a recombinant DNase peptide 

and a modifying group, wherein said modifying group is covalently attached to said 
recombinant DNase peptide through an intact glycosyl linking group, said recombinant 
DNase peptide comprising a glycosyl residue having the formula: 
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r 



— -GkNAotelcNAo-Man 
I 



f[<HcKAo<OaI)J. -(Siafc- (R), ] 
Man ). Jt 
/ [GteNAc-(GaI)J f — (Sia^ — grt ] . 

\ J_[GlcNAo<GaI)J I -(SiaX- (R), J . 
Man 

^[[GicNA^CM)^ _ (Sia).- (R) y ] ^ 



J 



wherein 



10 



15 



a, b, c, d, i, n, p q, r, s, t, and u are members independently 
selected from 0 and 1; 

e, fy g, and h are members independently selected from the 
integers between 0 and 6; 

j, k, 1, and m are members independently selected from the integers between 0 
and 100; 

v, w, x, and y are 0; and 

R is a member selected from polymer, a glycoconjugate, a 
mannose, an oligomannose and a modifying group, 
said method comprising; 

(a) contacting said recombinant DNase peptide with a glycosyltransferase and 
a modified glycosyl donor, comprising a glycosyi moiety which is a 
substrate for said glycosyltransferase covalently bound to said 
modifying group, under conditions appropriate for foe formation of 
said intact glycosyl linking group. 
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383. The method of claim 382, farther comprising: 

(b) prior to step (a), contacting said recombinant DNase peptide with a sialidase under 

conditions appropriate to remove sialic acid from said recombinant DNase 
peptide. 

384. The method of claim 382, farther comprising: 

(c) contacting the product of step (a) with a sialyitransferase and a sialic acid donor 

under conditions appropriate to transfer sialic acid to said product 

385. The method of claim 382, farther comprising: 

(d) prior to step (a), contacting said recombinant DNase peptide with a galactosyl 

transferase and a galactose donor under conditions appropriate to transfer said 
galactose to said recombinant DNase peptide. 

386. The method of claim 382, further comprising: 

(e) prior to step (a) contacting said recombinant DNase peptide with a combination of 

a glyco sidase and a sialidase. 

387. The method of claim 382, farther comprising: 

(f) contacting the product from step (a) with a moiety that reacts with said modifying 

group, thereby framing a conjugate between said intact gtycosyl linking group 
and said moiety. 

388. Hie method of claim 382, further comprising: 

(g) prior to step (a), contacting said recombinant DNase peptide with N- 

acetylghicosamine transferase and a GlcNAc donor under conditions 
a pp ropriate to transfer GlcNAc to said recombinant DNase peptide. 

389. The method of claim 382, further comprising: 

(h) prior to step (a), contacting said recombinant DNase peptide with an 

endoglycanase under conditions appropriate to cleave a glycosyi moiety from 
said recombinant DNase peptide. 
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390. The method of claim 382, wherein 
a,b,c,d,iJ,k,Um,q,r,s,t,anduarememb^ md 

e, ly g,handp are 1; and 
n,v,w,x,andyareO. 

391. The method of claim 382, wherein 

a, b , c, d, e, £ & b, i, j , k, l m, q, r, s, t, and u are memb ers independently selected 
from 0 and 1; 
pis 1; and 

n,v,w,x,andyareO. 

392. The method of claim 382, wherein 
a,b,c,d,^h,j,k,l,m,s,u,v,w,x,andyareO;and 

e, g, i, q, r, and t are members indep endently selected from 0 and 1 ; and 
pis 1. 

393. The method of claim 382, wherein 
a,b,c,d,e,^g,h,j,lc,Ui^^r,s,t,u,v,w,x,aiidyareO; 

iisOor l;and 
pis 1. 

394. The method of claim 382, wherein 
a, b, c, d, e, f, & h, j, k, 1 and m are 0; 

^ X9 t, u,v,x and y are independently selected ftomO or 1; 

p is 1; and 

R is mannose or oligpmaimose. 



395. 

382. 



-457- 



WO 03/031464 



PCT/US02/32263 



396. A method of forming a conjugate between an anti-tumor necrosis factor 
(TNF) alpha peptide and a modifying group, wherein said modifying group is covalenfly 
attached to said anti-TNF alpha peptide through an intact glycosyl linking group, said anti- 
TNF alpha peptide comprising a glycosyl residue having the formula: 



r 



(Fuc)i 



r 



rlcNAcfGlcNAc-Man 



. ([GlcNAc-CGalU- (Sia)j- (R)v 
/^-([GlcNAo-CGal^f-CSiaX- (R)w£ 
N^/fCGlcNAc-CGaDcV (Sia)i- (R)x \ 
^ ([GlcNAc-CGal)^- (Sia)*- (K)y) 



> 



Vq 



10 



15 



20 



wherein 

a, b, c, d, i, n, o, p, q, r, s, t, u and z are members independently 

selected from 0 and 1; 
e, f g, and h are members independently selected from die integers 

between 0 and 6; 
j, k, L, and m are members independently selected from the integers 

between 0 and 20; 
n, v, w, x and y are 0; and 

R is a modifying group, a marmose or an oligomannose; 
R' is a glycoconjugate or a modifying group; 
said method comprising: 

(a) contacting said anti-TNF alpha peptide with a glycosyltransferase and a 
modified glycosyl donor, comprising a glycosyl moiety which is a 
substrate for said glycosyltransferase covalenfly bound to said 
modifying group, under conditions appropriate for the formation of 
said intact glycosyl linking group. 
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397. The method of claim 396, further comprising: 

(b) prior to step (a), contacting said anti-TNF alpha peptide with a galactosyl 

transferase and a galactose donor undo: conditions appropriate to transfer said 
galactose to said anti-TNF alpha peptide. 

398. The method of claim 396, further comprising: 

(c) prior to step (a), contacting said anti-TNF alpha peptide with endogjycanase undo: 

conditions appropriate to cleave a glycosyl moiety from said anti-TNF alpha 
peptide. 

399. The method of claim 396, wherein said modifying group is a member 
selected from a polymer, a toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

400. The method of claim 396, wherein 

a, b, c, d, e, £ g, h, i,j,k, 1, m, o, p, q, r, s, t andu are members independently selected 

from 0 and 1; 
nisi; and 

v,w,x,y,andzareO. 

401. The method of claim 396, wherein 

a, c, e, g and i are members independently selected from 0 and 1 ; 
randtarel; 

b, d, f, h, j , k, U m, n, s, u, v, w, x and y; and 
q and z are 1. 

402. An anti-TNF alpha peptide conjugate formed by the method of claim 396. 
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403. A method of forming a conjugate between an insulin peptide and a 
modifying group, wherein said modifying group is covalently attached to said 
glycopeptide through an intact glycosyi linking group, said glycopeptide comprising a 
glycosyl residue having a formula which is a member selected from: 



r 



(Fnc), 
I 



I 



-01cNAc<JlcNAx>Man 



^[GlcNA<KGaIU -(Sia),- (R) y ) ^ 

Man - % 
/ ^[GfcNAcKGaQJ, - (Sia\- (R) W J s 

\ J[GlcNA(KGaI)J g -(Sia), -(R)J t 
Man 

^[GlcNAcKGal)^ - (Sia^- (R) y J 



; and 



10 



15 



20 



wherein 

a,b,c,d,i,j,k,l,m,r,s,t,u,z,aa,bb, cc, and ee are members 

independently selected from 0 and 1; 
e, f, g, and h are members independently selected from the integer 

between 0 and 4; 
dd, n, v, w, x and y are 0; 

R is a modifying group, a mannose or an oligomannose; and 
R'isa member selected from H, a glycosyl residue, a modifying group 
and a glycoconjugate, 
said method comprising: 

(a) contacting said glycopeptide with a glycosyltransferase and a modified 
glycosyl donor, comprising a glycosyl moiety which is a substrate for 
said glycosyltransferase covalently bound to said modifying group, 
under conditions appropriate for the formation of said intact glycosyi 
linking group. 
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404. The method of claim 403, further comprising: 

(b) prior to step (a), contacting said glycopeptide with a sialidase under conditions 

appropriate to remove sialic acid from said glycopeptide. 

405. The mefliod of claim 403, further comprising: 

(c) contacting the product of step (a) with a sialyltransf erase and a sialic acid donor 

under conditions appropriate to transfer sialic acid to said product 

406. The method of claim 403, further comprising: 

(d) prior to step (a), contacting said glycopeptide with N-acetylglucosamine 

transferase and adcNAc donor under conditions appropriate to transfer 
dcNAc to said glycopeptide. 

407. The mefliod of claim 403, further comprising: 

(e) prior to step (a), contacting said glycopeptide with Endo-H under conditions 

appropriate to cleave a glycosyi moiety from said glycopeptide. 

408. The method of claim 403, wherein said modifying group is a member 
selected fiom a polymer, a toxin, a radioisotope, a therapeutic moiety and a glycoconjugate. 

409. Hie mefliod of claim 403, wherein 
a,b, c,d,e,£g,h,i,j,fcUm,r,s,t,araiuare 

Oandl; 
n, v, w, x, and y are 0; and 
zisl. 

410. The method of claim 403, wherein 
a,b,c,d,e,t&h,j,k,l,m,n,s,t,u,v > w,x,andyareO; 

i and r are members independently selected fiom 0 and 1; and 
zisl. 

411. The method of claim 403, wherein 
a, b, c, d, e, £ g, h, i, j , k, 1, m, and n are 0; 

r, s, t, u, v, w, x, and y are members independently selected from 0 and 1; and 
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zisl. 



412. The method of claim 403, wherein 

aa, bb, cc, and ee are members independently selected from 0 and 1 ; and 
ddisO. 

413. The method of claim 403, wherein 

aa and ee are members independently selected from 0 and 1 ; and 
bb, cc, and dd are 0. 

414. The method of claim 403, wherein 
aa, bb, cc, dd, and ee are 0. 

415. An insulin peptide conjugate formed by the method of claim 403. 

416. A method of forming a conjugate between a hepatitis B surface antigen 
(HbsAg) peptide and a modifying group, wherein said modifying group is covalently attached 
to said HBsAg peptide through an intact glycosyl linking group, said HBsAg peptide 
comprising a glycosyi residue having a formula which is a member selected from: 




bb 



;and 
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wherein 

aa, bb, a, b, c> d, i, n, q, r, s, t, and u are members independeutly 

selected from 0 and 1; 
e, £ g, and h are members independently selected from the integers 
5 between 0 and 6; 

o, p,j,k,l, and mare members independently selected from the 

integers between 0 and 100; 
cc,v,w,x,andyareO; 

R is a modifying group, amannose or an oligomannose; and 
l0 R'isHora glycosyl residue, a glycoconjugate, or a modifying group, 

said method comprising: 

( a ) contacting said HBsAg peptide with a glycosyltransferase and a modified 
glycosyl donor, comprising a glycosyl moiety which is a substrate for 
said glycosyltransferase covalently bound to said modifying group, 
15 under conditions appropriate for the formation of said intact glycosyl 

linking group. 

417. The method of claim 416, further comprising: 

(b) prior to step (a), contacting said HBsAg peptide with a sialidase under conditions 
20 appropriate to remove siaKc acid from said HBsAg peptide. 

418. The method of claim 416, further comprising: 

(c) contacting the product of step (a) with a sialyltransferase and a sialic acid donor under 
conditions appropriate to transfer siaKc arid to said product 

419. The method of claim 416, further comprising: 

25 (d) prior to step (a), contacting said HBsAg peptide with a galactosidase under conditions 
appropriate to cleave a glycosyl residue from said HBsAg peptide. 

420. The method of claim 416, further comprising: 

(e) prior to step (a), contacting said HBsAg peptide with a galactosyl transferase and a 
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galactose donor under conditions appropriate to transfer said galactose to said HBsAg 
peptide. 

421. The method according to claim 88, further comprising: 

5 (f) contacting the product of step (d) with ST3Gal3 and a sialic acid donor under conditions 
appropriate to transfer sialic acid to said product 

422. The method of claim 416, further comprising: 

(g) contacting the product from step (a) with a moiety that reacts with said modifying group, 
10 thereby forming a conjugate between said intact glycosyl linking group and said moiety. 

423. The method of claim 416, further comprising: 

(h) prior to step (a), contacting said HBsAg peptide with N-acetylghicosamine transferase 
and a GlcNAc donor under conditions appropriate to transfer GlcNAc to said HBsAg peptide. 

15 

424. The method of claim 416, further comprising: 

(i) prior to step (a), contacting said HBsAg peptide with a mannosidase under conditions 
appropriate to cleave mannose from said HBsAg peptide. 

20 425. The method according claim 1, further comprising: 

0 prior to step (a), contacting said HBsAg peptide with endoglycanase under conditions 
sufficient to cleave a glycosyl group from said HBsAg peptide. 

426. The method of claim 416, wherein said modifying group is a member 
25 selected from a polymer, a toxin, a radioisotope, a therapeutic moiety, an adjuvant and a 

glycoconjugate. 

427. The method of claim 416, wherein 

a,b, c, d, i, j, k, 1, m,o,p,q,r,s,t,u, and aa are members independently selected from 0 and 

i; 

30 bb,e,£ g,h,andnarel;and 
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cc, v, w, x, y, and z are 0. 

428. The method of claim 416, wherein 
a, b, c, d, i, j , k, 1, m, n, o, p, q, r, s, t, u, and aa are members independently selected from 0 
5 andl; 

e, £ g, and hare independently selected from 0, 1,2,3, or 4; 
cc, v, w, x, y, and z are 0; and 
bbis L 

10 429. The method of claim 416, wherein 

cc,a,b,c,d,e,£g,h,i,j,k,Uin,n,o,p,v,w,x,yandzareO;and 

q, r, s, t, u, v, w, x, y, and aa are members independently selected from 0 and 1; and 

bbis 1. 

15 430. The method of claim 416, wherein 

a, b, c, d, i, j, k, 1, m, o, q, r, s, t, u, and aa are members independently selected from 0 and 1 ; 
bb,e,£g,h,andnare l;and 
n, p cc, v, w, x, y, and z are 0. 

20 431. The method of claim 416, wherein 

bb,a,b,c,d,e>£&h,ij,k,l,m,^^ 
independently selected from 0 and 1; 
ccisljand 
nisOorl. 

25 

432. The method of claim 416, wherein 
a,b,c,d,£h,j,k,l,m,o,p,s,u > v,w,x,y,z,andccareO; 
bbisl; 

e, g, i, n, q, r, t, and aa are members independently selected from 0 and 1 . 

30 
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433. The method of claim 416, wherein 
a,b,c,d,e,£ g,h,ij,k,l,m,n,o,p,z,andccare0; 

q, r, s, t, u, v, w, x, y, and aa are members independently selected from 0 and 1; and 
bbisL 

5 

434. A HBsAg peptide conjugate formed by the method of claim 416. 



435. A method of forming a conjugate between a human growth hormone 
(HGH) p eptide and a modifying group, wherein said modifying group is covalently attached 
10 to said glycopeptide through an intact glycosyl linking group, said glycopeptide comp rising & 
glycosyl residue having a formula which is a member selected from: 



r 

(Fuc)i 

— GlcNAcj-GlcNAc-Man 



/([GlcNAc<Gal)J e -(Sia) r (RX ^ 
/^([GlcNA<KGal)J f - (Sia^- (R) w ) s 

\^>'([GlcNAc-(Gal)J g - (Sia),- (R) x ) t 

^([GlcNAcKGaDJ^CSiaVCR^) 



KSia)* ^ 
^-(WAcKGal^Sia^- (R^J 



15 



wherein 



20 



a,b,c, d,i,j,k,l,m,r,s,t,u,z,aa,bb,cc, and ee axe members 

independently selected from 0 and 1 ; 
e, £ g, and h are members independently selected from the integers 

between 0 and 4; 
n, v, w, x, y, and dd are 0; 

R is a modifying group, amannose or an oligomannose; and 
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R'isa member selected flora H, a glycosyl residue, a modifying group 
and a gjycoconjugate, 
said method comprising: 

(a) contacting said glycopeptide with a glycosyltransferase and a modified 
glycosyl donor, comprising a glycosyl moiety which is a substrate for 
said glycosyltransferase covalently bound to said modifying group, 
under conditions appropriate for die formation of said intact glycosyl 
linking group. 

436. The method of claim 435, further comprising: 

(b) prior to step (a), contacting said glycopeptide with a sialidase under conditions 

appropriate to remove sialic acid from said glycopeptide. 

437. The method of claim 435, further comprising: 

(c) prior to step (a), contacting said glycopeptide with endoglycanase under conditions 

appropriate to cleave a glycosyl moiety from said glycopeptide. 

438. The method of claim 435, further comprising: 

(c) prior to step (a), contacting said glycopeptide with a galactosyl transferase and a 

galactose donor under conditions appropriate to transfer said galactose to said 
glycopeptide. 

439. The method of claim 435, further comprising: 

(d) contacting the product of step (a) with a sialyltransferase and a sialic acid donor 

under conditions appropriate to transfer sialic acid to said product 

440. The method of claim 435, further comprising: 

(d) prior to step (a), contacting said glycopeptide with a galactosidase under 

conditions appropriate to cleave a glycosyl residue from said glycopeptide. 

441. The method of claim 435, wherein 
a,b,c,d,e,£g,h,i,j,k,l,m,r,s,t, and u are members independently selected from 

Oandl; 
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n, v, w, x, and y are 0; and 
zisl. 

442. The method of claim 435, wherein 
a,b,c,d,e,tgAj,k,l»m,n,s,t,ii,v,w,x,andyaxeO; 

i and r are members independently selected from 0 and 1; and 
zisl. 

443. The method of claim 435, wherein 
. a, b, c, d, e, £ g, h, i, j, k, 1, m, and n are 0; 

r, s, t, u, v, w, x and y are members independently selected from 0 and 1; and 
zis 1. 

444. The method of claim 435, wherein 

aa and ee are members independently selected from 0 and 1; and 
bb, cc, and dd are 0. 

445. The method of claim 435, wherein 
aa, bb, cc, dd, and ee are 0. 

446. The method of claim 435, wherein 
aa,bb, cc, dd, ee, and n are 0. 

447. A HGH peptide conjugate formed by the method of claim 435. 
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12AP1/E5 - Viventia Biotech 



20K growth hormone - AMUR 
28P6/E6- Viventia Biotech 



in- 



64-Cu MAb conjugate TETA-1 A3 - 
Mallinckrodt Institute of Radiology 

64-Cu MAb conjugate TETA-cT84.66 

64-Cu Trastuzumab TETA conjugate - 
Genentech 

A200-Amgen 

A10255-BI LiBy 

A1PDX - Hedral THerapeutics 

A8- Angstrom 

aaAT4II-Genzyme 

Abcbdmab-Centocor 

AB1.001 - Atlantic BioPharmaceuticals 

ABT-828- Abbott 

Accutin 

Actinohivin 

activin - Biotech Australia, Human 



acfo'vin - Curis ■ 
AD439-Tanox 
AD519-Tanox 



AI-201 -Autoimmune 

AI-301 -Autoimmune 

AIDS vaccine - ANPS, CIBG, Hesed 
Biomed, Hollis-Eden, Rome, United 
Biomedical, American Home Products, 



airway receptor ligand - IC Innovations 

AJvW2-Ajinomoto 

AK 30 MGF - Alkermes 

Albuferon - Human Genome Sciences 

albumin - Bicgen, DSM AntMnfectives, 

Genzyme Transgenics, PPL Therapeutics, 

TranXenoGen, Welfide Corp. 
aldesleukin -Chiron 



Alemtuzumab - 

Allergy therapy - ALK-Abello/Maxygen, 
ALK-Abello/RP Scherer 
allergy vaccines - Allergy Therapeutics 
Alnidofibatide - Aventis Pasteur 
Alnorine- SRC VB VECTOR 
ALP242-Gruenenthal 



Immuno/ProMetic/Protease Sciences 
Alpha-1 antitrypsin - Cutter, Bayer, PPL 
Therapeutics, Profile, ZymoGenetics, 



Adenocarcinoma vaccine - Biomira - WIS 



Alpha-1 protease inhibitor - Genzyme 
Transgenics, Welfide Corp. 



Adenosine Therapeutics 
ADP-G01- Axis Genetics 



Immunomsdics 

Alpha-galactosidase A - Research 



Afelimomab- Knoll 
AFP-SCAN - Immunomedics 
AG2195-Corixa 

agalsidase alfa - Transkaryotic Therapies 

agalsidase beta - Genzyme 

AGENT- Antisoma 

Al 300 -Autoimmune 

AH01-Teva 

Al-102-Teva 



Alpha^lucosicfase- Genzyme, Novazyme 



Alpha-L-lduronidase - Transkaryotic 
Therapies, BioMarin 
alteplase - Genentech 
alvircept sudotox - NIH 
ALX1-11 -«NPS Pharmaceuticals 
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AM-133-AMRAD 

Amb a 1 immunostim conj. - Dynavax 
AMD 3100 -AnorMED-NIS 
AMD 3465-AnorMED-NIS 
AMD 3465 - AnorMED - NIS 
AMD Fab-Genentech 
Amediplase - Menarini, Novartis 
AM-F9 

Amoebiasis vaccine 
Amphiregulin-Octagene 
anakinra - Amgen 
analgesic -Nobex 
ancestim- Amgen 
AnergiXRA - Corixa, Organon 
Angiccidin - InKine 
angiogenesis inhibitors - ILEX 
AngioMab-Antisoma 
Angiopoietins - Regeneron/Procter & 
Gamble 

angiostatin - EntreMed 
Angiostatin/endostatin gene therapy - 

Genetix Pharmaceuticals 
angiotensin-ll, topical - Maret 
Anthrax - EluSys Therapeutics/US Army 

Meal Research Institute 



Anti-B4 MAb-DCI conjugate - ImmunoGen 
Anti-B7 antibody PRIVATIZED - IDEC 
Anti-B7-1 MAb16-10A1 
Anti-B7-1 MAb 1G10 
Anti-B7-2 MAb GL-1 
Anti-B7-2-gelonin immunotoxin - 
Antibacterials/antifungals - 
Diversa/intraBiotics 

Anti-beta-amyloid monoclonal antibodies - 
Cambridge Antibody Tech., Wyeth-Ayerst 

Anti-BLyS antibodies - Cambridge 
Antibody Tech. /Human Genome Sciences 

Antibody-drug conjugates - Seattle 
Genetics/Eos 

Anti-C5 MAb BB5-1 -Alexion 
AntM3 MAb N19-8- Alexion 
Anti-C8MAb 

anticancer cytokines - BioPulse 
anticancer matrix -Telios Integra 
Anticancer monoclonal antibodies - ARIUS, 
Immunex 

anticancer peptides - Maxygen, Micrologix 
Anticancer prodrug Tech. - Alexion 



anticancer Troy-Bodies - Affile - Affitech 
anticancer vaccine - NIH 



Anthrax vaccine 

Anti platelet-derived growth factor D human anticancers - Epfmmune 

monoclonal antibodies - CuraGen Anii-CCR5/CXCR4 sheep MAb - KS 
Anth17-1AMAb3622W94- Biomedix Holdings 

GlaxoSmithKline Anti-CB1 1a MAb KBA - 

Anti-2C4 MAb - Genentech AnthCDI 1a MAb M17 

antMMBB monoclonal antibodies - Bristol- Anti-CD1 1a MAb TA-3 - 

Myers Squibb Anti-CD1 1a MAb WT.1 - 

Anti-Adhesion Platform Tech. - Cytovax Anti-CD1 1b MAb - Pharmacia 
Anti-adipocyte MAb - Cambridge Antibody Anti-CD1 1b MAb LM2 

Tech70beSys Anti-CD154 MAb - Biogen 

antiallergics - Maxygen Anti-CD16-anti-CD30 MAb - Biotest 

antialleigy vaccine - Acambis Anti-CD1 8 MAb - Pharmacia 

Anti-alpha4-integrin MAb Anti-CD19 MAb B43 - 

Anti-angiogenesis monoclonal antibodies - Anti-CD19 MAb -liposomal sodium butyrate 

KS Biomedix/Schering AG conjugate - 
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An«-CD19 MAb-saporin conjugate - 
Anti-CD19^sFv-PE38-immunoto)dn - 
AntKJD2 MAb 12-15 - 
M-CD2 MAb B-E2 - Diaclone 
Anti-CD2 MAb 0X34 - 
Anti-CD2 MAb QX54 - 
Anti-CD2 MAb 0X55- 
Anti-CD2 MAb RM2-1 
Anti-CD2 MAb RM2-2 
Anti-CD2 MAb RM2-4 
Anti-CD20 MAb BCA B20 



Anti-CD4 MAb KT6 
Anti-CD4 MAb 0X38 
Anti-CD4 MAb PAP conjugate - Bristol- 
Myers Squibb 
Antj-CD4 MAb RIB 5-2 
Anti-CD4MAbW3/25 
Anti-CD4 MAb YTA 3.1.2 
Antt-CD4 MAb YTS 177-9 
Anti-CD40 ligand MAb 5c8 - Biogen 
Anti-CD40MAb 
Antl-CD40 MAb 5D12 - Tanox 



Anti-CD20-anti-Fc alpha Rl bispecific MAb -Anti-CD44 MAb A3D8 



Anti-CD44 MAb GKWA3 
Anti-CD44 MAb IM7 
Anti-CD44 MAb KM81 
Anti-CD44 variant monoclonal antibodies 
Corixa/Hebrew University 
Anti-CD45MAbBC8-l-131 



Medarex, Tenovus 

Anii-CD22 MAb-saporin-6 complex - 
AntK)D3 immunotoxin - 
Anti-CD3 MAb 145-2C11 - Pharming 
Anti-CD3 MAb CD4lgG conjugate - 
Gsnsntech 

Anti-CD3 MAb humanised - Protein Design, Anti-CD45RB MAb 
RW Johnson Anti-CD48 MAb HuLy-m3 

AnthCD3 MAb WT32 AnthCD48 MAb WM-63 

AntnCD3 MAb-ricin-chain-A conjugate - Anti-CD5 MAb - Becton Dickinson 
Anti-CD3 MAb-xanthine-oxidase conjugate Anti-CDS MAb 0X19 

Anti-CD6MAb 

BerH2-Medac AntH3D7 MAb-PAP conjugate 

Anti-CD7 MAb-ricin-cbaM conjugate 
Anti-CD8 MAb - Amerimmune, Cytodyn, 
Becton Dickinson 
Anti-CD8 MAb 2-43 
AntK)D8MAbOX8 
Anti-CD80 MAb P16C10 - IDEC 
Anti-CD80 MAb P7C10 - ID Vaccine 
^iicDianM«Ov18 MAb - Centocor Anti-CD8-idarubicin conjugate 




AntMJD30-scFv-ETA'-irrirnunotoxin 
AntiOD38 MAb AT13/5 
AnthCD38 MAb-saporin conjugate 



Anti-CD4idiotype vaccine 
Anti-CD4 MAb - Centocor, IDEC 
Pharmaceuticals, Xenova Group 
Anti-CD4 MAb 16H5 



Anti-CEA MAb CE-25 
Anti-CEA MAb MN 14 - Immunomedics 
Anti-CEA MAb MN14-PE40 conjugate - 
immunomedics 

Anti-CEA MAb T84.66-interleukin-2 



Anti-CD4MAb4162W94-GlaxoSmithKiine conjugate 

Anti-CD4 MAb B-F5 - Diaclone Anti-CEA sheep MAb -KSBiomedix 

Anti-CD4 MAb GK1-5 Holdings 
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Anti-cell surface monoclonal antibodies - 
Cambridge Antibody Tech. /Pharmacia 

Antk>efbB2-anti-CD3 bifundional MAb - 
Otsuka 

Anti-CMViViAb-Scotgen 
Anti=CTLA-4 MAb 

Anti-EGFR catalytic antibody - Hesed 



anti-EGFR immunotoxin - IVAX 
Anti-EGFR MAb - Abgenix 
Anti-EGFR MAb 528 

Anti-EGFR MAb KSB 107 - KS Biomedix 
Anti-EGFR MAb-DM1 conjugate - 
OmmunoGen 
Anti-EGFR MAb-LA1- 
Anti-EGFR sheep MAb -IKS Biomedix 
Anti-FAPMAbF19-t-131 
Anti-Fas IgM MAb CH1 1 
Anti-Fas MAb Jo2 
Anti-Fas MAb RK-8 

Anti-Flt-1 monoclonal antibodies - ImClone 
Anti-fungal peptides - State University of 
New York 

antifungal tripeptides - BTG 



Anti-HIV antibody - Epicyte 

anti-HIV catalytic antibody - Hesed Biomed 

anti-HIV fusion protein - Idun 

anti-HIV proteins - Cangene 

Anti-HM1-24MAb-Chugai 

Anti-hR3 MAb 

Anti-Human-Carcinoma-Antigen MAb - 
Epicyte 

Anti-ICAM-1 MAb - Boehringer Ingelheim 
Anti-ICAM-1 MAb 1A-29 - Pharmacia 
Anti-ICAM-1 MAb HA58 
Anti-ICAM-1 MAb YN1/1.7.4 
Anti-ICAM-3 MAb ICM3 - ICOS 
Anti-idiotype breast cancer vaccine 1 1D10 
AntHdiotype breast cancer vaccine 
ACA14C5 - 

Anti-ldiotype cancer vaccine - ImClone 
Systems/Merck KGaA ImClone, Vlventia 
Biotech 

Anti-idiotype cancer vaccine 1 A7 - Titan 
AntHdiotype cancer vaccine 3H1 - Titan 
AntHdiotype cancer vaccine TriAb - Titan 
Anti-idiotype Chlamydia trachomatis 
vaccine 



Ants-GM2 

Anti-6M-CSF receptor monoclonal 



Novartis 

Anti-idiotype colorectal cancer vaccine - 



Anti-gp130MAb-Tcson 



Anti-idiotype melanoma vaccine - IDEC 
- Pharmaceuticals 

AntHdiotype ovarian cancer vaccine ACA 

125 

AntHdiotype ovarian cancer vaccine AR54 - 
-AltaRex 

AntHdiotype ovarian cancer vaccine CA- 
125 - AltaRex, Biomira 
AnfHgE catalytic antibody - Hesed Biomed 
AntHiepatitis C virus human monoclonal AntHgE MAb E26 - Genentech 

AntHGF-1 MAb 
antHnflammatory - GeneMax 
antHnflammatory peptide - BTG 



Anti-hCG antibodies - Abgenix/AVI 
BioPharma 

Anti-heparanase human monoclonal 



antibodies - XTL Biopharmaceuticals 
Anti-HER-2 antibody gene therapy 
Anti-herpes antibody - Epicyte 



WO 03/031464 



PCT/US02/32263 



antMntegrin peptides - Bumha 




AntHnterferon-gamma MAb - Protein 
Design Labs 

AntHnterferon-gamma polyclonal antibody • 

-Advanced Biotherapy 
AntHnterieukin-10MAb- 
AntHnterieukin-1l2MAb- 
AntHnterieukin-1-beta polyclonal antibody - 

R&D Systems 

AntHnterteukin-2 receptor MAb 2A3 
AntHnterleukin-2 receptor MAb 33B3-1 - 
Dmmunotech 

AntHnterieukin-2 receptor MAb ART-18 
Anti-interieukin-2 receptor MAb LO-Tact-1 
Anti-interleykin-2 receptor MAb Mikbetal 
AntHnterleukin-2 receptor MAb MDS61 
AntHnterleukin-4 EWlAb 11B11 
AntMnterteukin-5 MAb - Wallace 
Laboratories 

AntMnterleukin-6 MAb - Centocor, 
Diaclone, Pharmadigm 
AntHnterieukiri-8 MAb - Xenotech 
AntkJLI MPb 

AnIMfebstela sheep MAb - KS Biomedix 
Holdings 

AntMxsminin receptor MAb-liposomal 

doxorubicin conjugate 
AntRCG MAb - CytetaaS 
AntHipopofysaocharide mto - VWaResc 
Anti-L-seledin monoclonal antibodies - 

Protein Design Labs, Abgenix, Stanford 

University 

Anti-MBL monoclonal antibodies - 
Alexion/Brigham and Women's Hospital 

AntHMHC monoclonal antibodies 

AnthMDF antibody humanised - IDEC, 
Cytokine PharmaSciences 

Anti-MRSA/VRSA sheep MAb-KS 
Biomedix Holdings 



345 

AntHTuaMAb-Novartis 
-Anti-MUC-1 MAb 
Anti-Ncgo-AMAblW1 
Anti-nuclear autoantibodies - Procyon 
Anti-ovarian cancer monoclonal antibodies - 
-Dompe 

Anti-p185 monoclonal antibodies 
Anti-p43MAb 
Antiparasitic vaccines 
-Anti-PDGRbFGF sheep MAb-KS 
Biomedix 

Anti-properdin monoclonal antibodies - 
Abgenix/Gliatech 

Anti-PSMA MAb J591 - BZL Biologies 
Anti-Rev MAb gene therapy - 
Anti-RSV antibodies - Epicyte, Intracell 
Anti-RSV monoclonal antibodies - 

Medarex/Medlmmune, Applied Molecular 

Evolution/Medlmmune 
Anti-RSV MAb, inhalation - 

Alkermes/Medlmmune 
Anti-RT gene therapy 
Antisense K-ras RNA gene therapy 
Anti-SF-25 MAb 
Anti-sperm antibody - Epicyte 
An8-Tac(Fv)-PE38 conjugate 
Anti-TAPA/CD81 MAbAMPI 
Anti-tat gene therapy 
Anti-TCR-alphabeta MAb H57-597 
Anti-TCR-alphabeta MAb R73 
AntMenascin MAb B&4-U31 
Anti-TGF-beta human monoclonal 

antibodies - Cambridge Antibody Tech., 

Genzyme 

Anti-TGF-beta MAb 2G7 - Genentech 
Antithrombin III - Genzyme Transgenics, 

Aventis, Bayer, Behringwerke, CSL, 

Myriad 

Anti-Thy1 MAb 
Anti-Thy1.1 MAb 
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Anti-tissue factor/factor V1IA sheep R/JAb - 
KS Biomedix 

Anti-TNF monoclonal antibodies - 
Centocor, Chiron, Peptech, Pharacia, 
Serono 

Anti-TNF sheep MAb-KS Biomedix 
Holdings 

Anti-TNFalpha MAb - Genzyme 
Anti-TNFalpha MAbB-C7- Diaclone 
Anti-tooth decay MAb - Planet BioTech. 
antitumour RNases - NIH 
Anti-VCAM MAb 2A2 - Alexion 
Anti-VCAM MAb 3F4 - Alexion 
Anti-VCAM-1 MAb 
Anti-VEC MAb - ImClone 
Anti-VEGF MAb - Genentech 
Anti-VEGF MAb 2C3 
Anti-VEGF sheep MAb - KS Biomedix 
Holdings 

Anti-VLA4 MAb HP1/2 - Biogen 
Anti-VLA-4 MAb PS/2 
Anti-VLA-4 MAb R1-2 
Anti-VLA-4 MAb TA-2 
Anti-VRE sheep MAb - KS Biomedix 
Holdings 

ANUP-TranXenoGen 
AMUP-1-Pharis 
AOP-RANTES-Senetek 
Apan-CH - Praecis Phaimaceuticais 
APC-6024-Demegen 
ApoA-1 - Milano, Pharmacia 
Apogen- Alexion 
apolipoprotein A1 - Avanir 
Apolipoprotein E - Bio-Tech. General 
Applaggin - Biogen 
aprotinin - ProdiGene 
APT-070C-AdProTech 
AR 177 - Aronex Pharmaceuticals 
AR 209 - Aronex Pharmaceuticals, 
Antigenics 
AR545C 



ARGENT gene delivery systems - ARIAD 
Arresten 

ART-123-AsahiKasei 
arylsulfetase B - BioMarin 
Arylsulfatase B, Recombinant human - 
BioMarin 

AS1051-Ajinomoto 
ASI-BCL-lntracell 
ATL-101-Alizyme 
atrial natriuretic peptide - Pharis 
Aurintricarboxylic acid-high molecular 
weight 

autoimmune disorders - GPC 

Biotech/MorphoSys 
Autoimmune disorders and transplant 

rejection - Bristol-Myers Squibb/Genzyme 

Tra 

Autoimmune disorders/cancer - 
Abgenix/Chiron, /CuraGen 
Autotaxin 
Avicidin - NeoRx 

axcgenesis fector-1 - Boston Life Sciences 

Axokine - Regeneron 

B cell lymphoma vaccine - Biomira 

B7-1 gene therapy - 

BABS proteins - Chiron 

BAM-G02 - Novelos Therapeutics 

Bay-16-998S - Bayer 

Bay-39-8437- Bayer 

Bay-504798- Bayer 

BB-10153- British Biotech 

BBT-001 - Bolder BioTech. 

BBT-002 - Bolder BioTech. 

BBT-O03 - Bolder BioTech. 

BBT-004 - Bolder BioTech. 

BBT-005- Bolder BioTech. 

BBT-006- Bolder BioTech. 

BBT-007 - Bolder BioTech. 

BCH-2763- Shire 

BCSF- Millenium Biologix 

BDNF - Regeneron - Amgen 
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Becaplemtin - Johnson & Johnson, Chiron BST-3002 - BioStratum 
Becturnomab - ImmunomedScs BTi 322 - 

Beta-adrenergic receptor gene therapy - butyrylcholinesterase - Shire 
University of Arkansas C 6822 - COR Therapeutics 

SI 5101 3 - Behringwerke AG C1 esterase inhibitor - Pharming 

BIBH 1 - Boehringer Ingelheim C3d adjuvant - AdProTech 

BDM-231S0 - BeaufbuMpsen CA3-2.1 - Millennium 

birch pollen immunotherapy - Pharmacia calcitonin - Inhale Therapeutics Systems, 



bispecific fusion proteins - NIH 
Bispecific MAb 2B1 - Chiron 
BHistatin 



blood substitute - Northfield, Baxter Intl. 
BLP-25-Biomira 
BLS-0597 - Boston Life Sciences 
BLyS - Human Genome Sciences 
BLyS radiolabeled - Human Genome 
Sciences 

'BM 06021 - Boehringer Mannheim 
BWJ-202-BioMarin 
BS\U-301-BioMarin 
BM-301-BicMarin 
B[^302-Bio5VJann 
BMP 2 - Genetics InstWei^tronic- 
Sofemor Danek, Genetics Institute/ 



BiP-2 - Genetics Institute 
BMS 132248 - Bristol-Myers Squibb 
BMS 202448 - BristoHWyere Squibb 
bone growth factors - IsoTIs 
BPC-15- Pfizer 



Bieast cancer -Oxford 
GlycoSciences/Medarex 



Aventis, Genetronics, TranXenoGen, 
Unigene, Rhone Poulenc Rohrer 
calcitonin - oral - Nobex, Emisphere, 
Pharmaceutical Discovery 
Calcitonin gene-related peptide - Asahi 
Kasei- Unigene 
calcitonin, human - Sunfory 
calcitonin, nasal - Novartis, Unigene 
calcitonin, Panoderm - Elan 
calcitonin, Peptitrol - Shire 
calcitonin, salmon - Therapicon 
calin-Biopharm 
Calphobindin i 
calphobindin I - Kom 
calreticulin-NYU 
Campath-1G 
CampatMM 

cancer therapy - Cangene 

cancer vaccine - Aixtie, Aventis Pasteur, 
Center of Molecular Immunology ,YM 
Biosciences, Cytos, Genzyme, 



ImCDone, Virogenetics, InterCell, lomai, 
Jenner Biotherapies, Memorial Sloan- 
Kettering Cancer Center, Sydney Kimmel 
Cancer Center, Novavax, Protein 
Sciences, Argonex, SIGA 
Cancer vaccine ALVAC-CEA B7.1 - 
Aventis Pasfeur/Therion Biologies 



Breast cancer vaccine - Therion Biologies, Cancer vaccine CEA-TRICOM - Aventis 

Oregon Pasfeur/Therion Biologies 

BSSL - PPL Therapeutics Cancer vaccine gene therapy - Cantab 

BST-2001 - BioStratum Pharmaceuticals 
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Cancer vaccine HER-2/neu - Corixa 


CETP vaccine -Avant 


Cancer vaccine THERATQPE - 


Biomira 


Cetrorelix 


cancer vaccine, PolyMASC - Valentis 


Cetuximab 


Candida vaccine - Corixa, Inhibitex 


CGH 400 -Novartis 


Canstatin - ILEX 




CGP 42934 - SSSovartis 


CAP-18- Panorama 




CGP 51901 -Tanox 


Cardiovascular gene therapy - Collateral 


CGRP-Unigene 


TfnprsiDSwriScs 

U IIIWIGlEJwUUWv 




CGS 27913 -Novartis 


namsritirie — Suntorv 

vOi J-H3i 1 uvaw wUI iiv/i y 




CGS 32359 -Novartis 


Casocidin-1 — Pharis 




Chagas disease vaccine - Corixa 






chemokines - Immune Response 


CAT 192 - Cambridoe Antibodv 


Tech. 


CHH 380 - Novartis 


CAT 21 3 — Csimbridoie Antibodu 


Tech. 


chitinase-Genzyme, ICOS 






Chlamydia pneumoniae vaccine - Antex 


Cai-PAD - Ciircassia 




Biologies 


CB 0006 - OaliSech 




Chlamydia trachomatis vaccine - Antex 


CCW27-32V- Akzo Nobel 




Biologies 


CCR2-64I-NIH 




Chlamydia vaccine - GlaxoSmithKline 


CD Proceot — Paliaent 




Cholera vaccine CVD 103-HgR - Swiss 


CD154 gene therapy 




Serum and Vaccine Institute Beme 


CD39 — Immunex 




Cholera vaccine CVD 1 12 - Swiss Serum 


CD39-L2 - Hyseq 




and Vaccine Institute Berne 


CD394.4-Hyseq 




Cholera vaccine inactivated oral - SBL 


CD4 fusion toxin - Senetek 




Vacdn 


CID4llgG-Genentech 




Chrysalin - Chrysalis BioTech. 


CD4 receptor antagonists - 




CI-782- Hitachi Kase 


Pharmacopeia/progenies 




Ciliary neurotrophic factor - Fidia, Roche 


CD4 soluble - Progenies 




CM project - Active Biotech 


CD4, soluble - Enzyme Trans 


genics 


a 329753 -Wyeth-Ayerst 


CD40Qgand- Immunex 




0.22, Cobra - Ml Laboratories 


CD4-ricin chain A - Genentech 




aenoliximab-DEC 


CD59 gene therapy - Alexion 




Clostridium difficile antibodies - Eptcyte 


CDS TIL cell therapy -Aventis 


Pasteur 


dotting factors - Octagene 


CD8, soluble -Avidex 




CWiB401-Celltech 


CD95 ligand - Roche 




CNTF-Sigma-Tau 


CDP571-Celltech 




Cocaine abuse vaccine - Cantab, 


CDP 850-CeSltecfi 




ImmuLogic, Scripps 


CDP870-Ce!ltech 




coccidiomycosis vaccine - Arizo 


CDS-1- Ernest Orlando 




collagen - Type I - Pharming 


Cedelizumab - Ortho-McNeil 




Collagen formation inhibitors - FibroGen 


Cetermin-lnsrned 




3o HH 
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Cdlagenmydroxyapatite/bone growth factor CY 1747 - Epimmune 
- Aveniis Pasteur, Biopharm, Orquest CY 1748 - Epimmune 
collagenase-BioSpeciflcs Cyanovirin-N 
Colorectal cancer vaccine - Wistar Institute Cystic fibrosis therapy - CBR/IVAX 
Component B, Recombinant - Serono CYT 351 
Connective tissue growth factor inhibitors - cytokine Traps - Regeneron 



FlbroGen/Taisho 
Contortrostatin 

contraceptive vaccine - Zbnagen 
Contraceptive vaccine hCG 
Contraceptive vaccine male reversible - 
IMMUCON 

Contraceptive vaccine zona pellucida - 
Zonagen 

Copper-64 labelled MAb TETA-1 A3 - NCI 

Coralyne 

Corsevin M 

C-peptide analogues - Schwarz 

CPI-1500- Consensus 

CRF - Neurobiologies Tech. 

cRGCW pentapeptide - 

CRl1095-CytRx 

CRl1336-CytRx 

CRL1605-CytRx 

CSSSO-Sankyo 

CSF-ZymoGenetics 

CSF-G - Hangzhcu, Dong A Hanmi 

CSF-GM - Cangene, Hunan, LG Chem 

CSF-M-Zarix 

CT1579-M2ercicFrasst 

CT 1786- Stock Frosst 

CT-112 A -BTG 

CTB-134L-Xenova 

CTC-111-Kaketsuken 

CTGF-FibroGen 

CTLA4-lg - Bristol-Myers Squibb 

CTLA4-lg gene therapy - 

CTP-37-AVIBioPharma 

C-type natriuretic peptide - Suntory 

CVS 995 r-Corvas Intl. 

CX397-NikkoKycdo 

mm. 



cytokines - Enzon, Cytoclonal 
Cytomegalovirus glycoprotein vaccine - 
Chiron, Aquila Biopharmaceuticals, 
Aventis Pasteur, Virogenetics 



Pasteur 



GlaxoSmithKline 
DA-3003-Dong-A 
DAB389interleukin-6 - Senetek 
DAB389interleukin-7 
DAMP* - Incyte Genomics 
Daniplestim - Pharmacia 
darbepoetin alfa - Amgen 
DBI-3019 - Diabetogen 
DCC-Genzyme 
DDF-Hyseq 
decorin - Integra, Telfos 
detains - Large Scale Biology 
DEGR-Vlla 

Delmmunised antibody 3B6/22 AGEN 
Deimmunised anti-cancer antibodies - 



DendroamideA 

Dengue vaccine - Bavarian Nordic, Merck 

denileukin diftitox - Ligand 

DES-1101-Desmos 

desirudin - Novartis 

desmopressin - Unigene 

Desmoteplase - Merck, Sobering AG 

Destabilase 

Diabetes gene therapy - DeveloGen, Pfizer 
Diabetes therapy - Crucell 
Diabetes type 1 vaccine - Diamyd 



no 
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DiaCIM-YM Biosciences 


EGF-P64k vaccine - Center of Molecular 


dialytic oligopeptides - Research Corp 


Immunology 


Diamyd - Diamyd Therapeutics 


EL246-ligoCyte 


DiaPep227-Pepgen 


elastase inhibitor - Synergen 


DiavaX-Corixa 


elcafonin - Therapicon 


Diphtheria tetanus pertussis-hepatitis B 


ErVID 72000 - Merck KGaA 


vaccine - GlaxoSmithKline 


Emdogain-BIORA 


D1R therapy - Solis Therapeutics - 


emfilermin-ArVIRAD 


DNase - Genentech 


Emoctakin - Novartis 


Domase alfa - Genentech 


enamel matrix protein - BIORA 


Domase alfa, inhalation — Genentech 


Endo III - NYU 


Doxorubicin-anti-CEA SVlAb conjugate - 


endostatin - EntreMed, Pharis 


Imimunomedics 


Enhancins - Micrologix 


DP-107-Trimeris 


Enlimomab - Isis Pharm. 


drofrecoain alfa — Eli Lillv 


Enoxaparin sodium - Pharmuka 


DTctGMCSF 


enzyme linked antibody nutrient depletion 


DTP-polio vaccine -Aventis Pasteur 


therapy - KS Biomedix Holdings 


DU257-KM231 antibody conjugate - 


Eosinophil-derived neutralizing agent - 


Kyowa 


EP-51216-AstaMedica 


dural graft matrix - Integra 


EP-51389-AstaMedica 


Duteplase- Baxter Intl. 


EPH family ligands - Regeneron 


BWP-401 - Daewcong 


Epidermal growth factor - Hitachi Kasei, 


DWP-404 - Daewcong 


Johnson & Johnson 


DWP-408 - Daewcong 


Epidermal growth factor fusion toxin - 

IT W 


E coli 0157 vaccine - NIH 


Senetek 


E21-R - BresaGen 


Epidermal growth factor-genistein - 


Eastern equine encephalitis virus vaccine 


- EPI-HNE-4-Dyax 


Echicetin - 


EP1-KAL2 - Dyax 


Echinhibinl- 


Epoetin-alfa - Amgen, Dragon 


Echistatin- Merck 


Pharmaceuticals, Nanjing Huaxin 


Echitamine- 


Epratuzumab - Immunomedics 


EC-SOD - PPL Therapeutics 


Epstein-Barr virus vaccine - 


EDF-Ajinomoto 


Aviron/SmithKDine Beecham, Bioresearch 


EDN derivative - NIH 


Eptacog alfa - Novo Nordisk 


EDNA -NIH 


Eptifibatide - COR Therapeutics 


Edcbacomab-XOMA 


erb-38- 


Edrecolomab - Centccor 


Erlizumab - Genentech 


EF5077 




Efalizumab - Genentech 




EGF fusion toxin - Seragen, Ligand 
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erythropoietin - Alkennes, ProLease, Dong-Fas TR - Human Genome Sciences 

A, Eanex, Genetics Institute, LG Chem, Felvizumab - Scotgen 

Protein Sciences, Serono, Snow Brand, FFR-Vlla - Novo Nordisk 

SRC VB VECTOR, Transkaryotic FG-001 - F-Gene 

Therapies FG-O02- F-Gene 

Erythropoietin Beta - Hoffman La Roche FG-004 - F-Gene 

Erythropoietin/Epoetin alfe - Chugai FG-005 - F-Gene 
Escherichia coli vaccine - North American FGF + fibrin - Repair 

Vaccine, SBL Vaccin, Swiss Serum and Fibrimage - Bio-Tech. General 

Vaccine Institute Berne fibrin-binding peptides - ISIS Innovation 

etaneroept - Dmmunex fibrinogen - PPL Therapeutics, Pharming 

examorelin - Mediolanum fibroblast growth factor - Chiron, NYU, 
exonucleaseVIl Ramot, ZymoGenetics 

F 105 - Cenfocor fibrolase conjugate - Schering AG 

F-992 - Fornix Filgrastim - Amgen 

Factor IX - Alpha Therapeutics, Weffide filgrastim - PDA modified - Xencor 

Corp., CSL, enetics Institute/AHP, FLT-3 ligand - immunex 

Pharmacia, PPL Therapeutics FN18 CRM9 - 

Factor IX gene therapy - Cell Genesys fbllistatin - Biotech Australia, Human 



Factor VII - Novo Nordisk, Bayer, Baxter 

ML follitropin alfa - Alkermes, ProLease, 
Factor Vila - PPL Therapeutics, PowderJect, Serono, Akzo Nobel 

ZymoGenetics ' Foflitinopn Beta- Bayer, Ofganon 

Factor VIII- Bayer Genentech, Beaufbur- FP59 

Ipsen, CLB, Inex, Octagen, Pharmacia, FSH - Fem'ng 

FSH + LH-Ferring 



F-spondin-CeNeS 
fusion protein delivery system - UAB 
Research Foundation 
fusion toxins - Boston Life Sciences 
Factor VIII sucrose formulation - Bayer, G 5598 - Genentech 
Genentech GA-U - Transkaryotic Therapies 

•2 -Bayer Gamma-interferon analogues - SRC VB 



Factor V1II-3- Bayer VECTOR 
Factor Xa inhibitors - Merck, Novo Nordisk, Ganirelix - Roche 

Mochida gastric lipase - 

Factor XIII -ZymoGenetics Gavilimomab- 
Factors VIII and IX gene therapy - GeneticsG-CSF - Amgen, SRC VB VECTOR 

Institute/Targeted Genetics GDF-1 - CeNeS 

Famoxin - Genset GDF-5 - Biopharm 

Fas (delta) 1M protein - LXR BioTech. GBNF - Amgen 
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Gemtuzumab ozcgamicin - Celltech 
Gene-activated epoetin-alfa - Aventis 
Pharma - Transkaryotic Therapies 



•Veda 

glial growth factor 2 - CeNeS 
GLP-1 -Amylin, Suntory, TheraTech, 
Watson 

GLP-1 peptide analogues - Zealand 
Pharaceuticals 

glucagon - Eli Lilly, ZymoGenetics 
Glucagon-like peptide-1 7-36 amide - 
Suntory 

Glucccerebros idase - Genzyme 
glutamate decarboxylase - Genzyme 
Transgenics 

Glycoprotein S3 - Kureha 

GM-CSF-lmmunex 

GCW-CSF tumour vaccine - PowderJect 

GnRH immunotherapeutic - Protherics 

gp75 antigen -imCtone 



GPS 0100 - Galenica 
GR 4891 W93 - GiaxoSmil 



GRF144-ICN 

Growth Factor - Chiron, Atrigel, Atrix, 
Snncgenetics, ZymoGenetics, Novo 



H5N1 influenza A virus vaccine - Protein 
Sciences 

haemoglobin - Biopure 
haemoglobin 3011, Recombinant - Baxter 
Healthcare 

haemoglobin crosfumaril - Baxter Intl. 
haemoglobin stabilized - Ajinomoto 
haemoglobin, recombinant - Apex 
HAF - Immune Response 
Hantavirus vaccine 
HB19 

HBNF-Regeneron 

HCC-1-Pharis 

hCG-Milkhaus 

hCG vaccine - Zonagen 

HE-317 - Hollis-Eden Pharmaceuticals 

Heat shock protein cancer and influenza 

vaccines - StressGen 
Helicobacter pylori vaccine - Acambis, 

AstraZeneca/CSL, Chiron, Provalis 
Helistat-G-GalaGen 
Hemolink-HemosoJ 
hepapoietin - Snow Brand 



growJh hormone - LG Chem 
growth hormone, Recombinant human 
Serono 

GT4086-Gliatech 
GW 353430 - GlaxoSmithKline 
GW-278884 - GlaxoSmithKline 
H 11 -Viventia Biotech 



heparinase ! - Ibex 
heparinase III - Obex 

Hepatitis A vaccine - American Biogenetic 
Sciences 

Hepatitis A vaccine inactivated 
Hepatitis A vaccine Note - Chiron 
Hepatitis A-hepatitis B vaccine - 

GlaxoSmithKline 
hepatitis B therapy - Tripep 
Hepatitis B vaccine - Amgen, Chiron SpA, 

Meiji Milk, NIS, Prodeva, PowderJect, 

Rhein Biotech 

Hepatitis B vaccine recombinant - Evans 
Vaccines, Epitec Combiotech, Genentech, 
Medlmmune, Merck Sharp & Dohme, 
Rhein Biotech, Shantha Biotechnics, 
Vector, Yeda 

HL. 
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Hepatitis B vaccine recombinant TGP 943 -HIV peptides - American Home Products 

Takeda HIV vaccine - Applied bioTech., Axis 

Hepatitis C vaccine - Bavarian Wordic, Genetics, Bicgen, Bristol-Myers Squibb, 

Chiron, Innogenetics Acambis, Genentech, Korea Green Cross, MIS, 

Hepatitis D vaccine - Chiron Vaccines Oncogen, Protein Sciences Corporation, 
Hepatitis E vaccine recombinant - Terumo, Tonen Corporation, Wyeth- 

Genelabs/GlaxoSmitnKline, Movavax Ayerst, Wyeth-Lederie Vaecines-Malvem, 
hepatiocyte growth factor - Panorama, Advanced Bioscience Laboratories, 

Sosei Bavarian Nordic, Bavarian Nordic/Statens 



Serum Institute, GeneCure, Immune 

> EntreMed Response, Progenies, Therion Biologies, 

Her-2/Weu peptides - Corixa United Biomedical, Chiron 
Heroes simplex glycoprotein DNA vaccine - HIV vaccine VCP1433 - Aventis Pasteur 

Merck, Wyeth-Lederie Vacdnes-Malvern, HIV vaccine VCP1452 - Aventis Pasteur 

Genentech, GlaxoSmithKIine, Chiron, HIV vaccine vCP205 - Aventis Pasteur 

Takeda HL-9- American Bioscience 

Herpes simplex vaccine -Cantab HM-9239 - Cytran 

Pharmaceuticals, CEL-SCI, Henderson HML-103 - Hemosol 

Moriey HML-1 04 -r Hemosol 

Herpes simplex vaccine live - ImCione HML-105 - Hemosol 

Syitems/Wyeth-Lederie, Aventis Pasteur HML-109- Hemosol 

HGF derivatives - Dompe HML-1 10 - Hemosol 

hIAPP vaccine -Crucell ' HML-121 -Hemosc! 

Hib-toepaiis B vacdrte - Aventis Pasteur hMLP - Pharis 

MC 1 Hooteorm vaccine 

Altachem host-vector vaccines -Henogen 

HPM1-Chugal 

Japan Energy Corporation, Pharmacia HPV vaccine - MediGene 

Corporation, SIR International, Sanofi- HSA - Meristem 

Synthelabo, Sofeagene, Rtoein Biotech HSF - StressGen 

HIV edible vaccine - ProdiGene HSP carriers -Weizmann, Yeda, Peptor 

HIV gp120 vaccine - Chiron, Ajinomoto, HSPPC-70 - Antigenics 

GlaxoSmithKIine, ID Vaccine, Progenies, HSPPC-96 - pathogen-<3erived - 

VaxGen 



HSV863-Novartis 
HTLV-I DNA vaccine 
Aventis Pasteur, Oncogen, Hyland HTLV-I vaccine 
Immuno, Protein Sciences HTLV-ll vaccine - Access 

HIV gp41 vaccine - Panacos HU 901 - Tanox 

HIV HGP-30W vaccine - CEL-SCI Hu23F2G - ICOS 
H!V immune globulin - Abbott, Chiron HuHMFGI 

fool nn 
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HumaLYM-lntracell 

Human krebs statika - Yamanouchi 

human monoclonal antibodies - 



ex, 

Abgenix/ Pfizer, Athersys/Medarex, 

Bicxjert/MorphoSys, JCAT/Searle, 
" CCTtocor/Medarex, Corixa/Kirin Brewery, 

Corixa/Medarex, Eos BioTech JVledarex, 

Eos/Xenerex, Exelixis/Protein Design 

Labs, immunoGen/ Raven, 

Wsedarex/B.Tweive, 

MorphoSys/lmmunoGen, XTL 

Biopharmaceuticals/Dyax, 
Human monoclonal antibodies - 

Medarex/Northwest Biotherapeutics, 

yedarex/SeatUe Genetics . 
human netrin-1 - Exelixis 
human papillomavirus antibodies - Epicyte 
Human papillomavirus vaccine - Biotech 

Australia, IDEC, StressGen 
Human papillomavirus vaccine ft/EDI 501 - 

Medlmmune/GlaxoSmithKline 
Human papillomavirus vaccine MEDI 

503/WEDI504- 

SWedlmmune/GlaxoSmithKIine 
Human papillomavirus vaccine TA-CIN - 

Cantab Pharmaceuticals 
Human papillomavirus vaccine TA-HPV - 

Cantab Pharmaceuticals 
Human papillomavirus vaccine TH-GW - 

Cantab/GlaxoSmithKline 
human polyclonal antibodies - Biosite/Eos 

BioTech./ Medarex 

human type II anti factor VIII monoclonal 

antibodies -ThromboGenics 
humanised anti glycoprotein lib murine 

monoclonal antibodies - ThromboGenics 
HumaRAD - Intracell 
HuWJaxEGFR-Genmab 
HuMax-CD4-Medarex 

■ FD@.H 



HuMax-IL15-Genmab 

HYB190-Hybridon 

HYB676-Hybridori 

I- 125 (v3Ab A33 - Celltech 
Ibritumomab tiuxetan - IDEC 
IBT-9401-lbex 
IBT-9402-lbex 

IC 14-ICOS 
Idarubicin anti-Ly-2.1 - 
IDEC 114 -IDEC 
IDEC 131 -IDEC 
IDEC 152 -IDEC 
IDM1-IDM 

IDPS - Hollis-Eden Pharmaceuticals 
iduronate-2-sulfatase - Transkaryotic 
Therapies 

IGF/IBP-2-13-Pharis 

IGN-101 - Igeneon 

IKHIR02-lketon 

IL-11 - Genetics Institute/AHP 

IL-13-PE38-SvSeoPharm 

IL-17 receptor - Immunex 

IL-18BP-Yeda 

IL-1Hy1-Hyseq 

IL-1B- Celltech 

IL-1& adjuvant - Celltech 

II- 2- Chiron 

IL-2 + IL-12 - Hoffman La-Roche 
IL-6/slL-SR fusion -Hadasit 
IL-6R derivative - Tosoh 
IL-7-Dap 389 fusion toxin - Ligand 
IM-862-Cytran 
IMC-1C11-lmClone 
imiglucerase - Genzyme 
Immune globulin intravenous (human) - 
Hoffman La Roche 
immune privilege factor - Proneuron 
Immunocal - Immunotec 
Immunogene therapy - Briana Bio-Tech 
Immunoliposomal 5-fluorodeoxyuridine- 
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immunosuppressant vaccine - Aixlie integrin antagonists - Merck 
immune-toxin - Antisoma, NIH interferon (Alpha2) - SRC VB VECTOR, 

lmmuRAiT-Re-188 - Immunomedics Viragen, Dong-A, Hoffman La-Roche, 
imreg-1 - Imreg Genentech 

infertility - Johnson & Johnson, E-TRANS interferon - BioMedicines, Human Genome 
influenza virus vaccine - Aventis Pasteur, Sciences 



Protean Sciences 

inhibin - Biotech Australia, Human 



inhibitory G protein gene therapy 

INKP-2001-lnKine 

Snolimomab - Diaclona 

insulin - Autoimmune, Altea, Biobras, 



interferon (Alfa-n3)— interferon Sciences 
Intl. 

interferon (Alpha), Biphasix - Helix 
interferon (Alpha)— Amgen, BioNative, 
Novartis, Genzyme Transgenics, 
Hayashibara, Inhale Therapeutics 
Systems, Medusa, Flamel, Dong-A, 



BioSante, Bio-Tech. General, Chong Kun GeneTrol, Nastech, Shantha, 
Dang, Emisphere, Flamel, Provalis, Rhein Wassermann, LG Chem, Sumitomo, 



Biotech, TranXenoGen 
insulin (bovine) - Novartis 
insulin analogue - Eli Lilly 
Insulin Aspart - Novo Nordisk 
insulin detemir - Novo Nordisk 
insulin glargine - Aventis 
insulin inhaled - Inhale Therapeutics 

Systems, Alkerrnes 
insulin oral - Bnovax 
insulin, AeroDose - AeroGen 
insulin, AERx-Aradigm 
insulin, BEODAS - Elan 
insulin, Biphasix -Helix 
insulin, buccal - Generex 
insulin, I2R - Remington 
insulin, intranasal - Bentley 
insulin, oral - Nobex, Unigene 
insulin, Orasome - Endorex 
insulin, ProMaxx-Epic 
insulin, Quadrant -Ban 
insulin, recombinant - Aventis 
insulin, Spiros - Ban 
insulin, Transfersome - IDEA 



Aventis, Behring EGIS, Pepgen, Servier, 
Rhein Biotech, 

interferon (Alpha2A) 

interferon (Alpha2B) - Enzon, Schering- 
Plough, Biogen, IDEA 

interferon (Alpha-N1) - GlaxoSmilhKline 

interferon (beta) - Rentschler, GeneTrol, 
Meristem, Rhein Biotech, Toray, Yeda, 



interferon (BetalA) - Serono, Biogen 
interferon (beta1A),inhale - Biogen 
nterferon (B1b)- Chiron 



Interferon alfacon-1 - Amgen 
Interferon alpha-2a vaccine . 
Interferon Beta 1b - Schering/Chiron, 

OnterMune 

Interferon Gamma - Boehringer Ingelheim, 
Sheffield, Rentschler, Hayashibara 
interferon receptor , Type I - Serono 
interferon(Gamma1B) - Genentech 
lnterferon-alpha-2b + ribavirin - Biogen, 
ICN 



insulin, Zymo, recombinant - Novo Nordisk lnterferon-alpha-2b gene therapy - 

insulinotropin - Scios . Schering-Plough 

Insulysin gene therapy- lnterferon-con1 gene therapy- 

F0d„ 1® 
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interieukin-1 antagonists - Dompe 
lnterieukin-1 receptor antagonist -Abbott 

Bioresearch, Pharmacia 
lnterieukin-1 receptor type 1 - Immunex 
interieukin-1 receptor Type II - Immunex 
lnterieukin-10 - DNAX, Schering-Plough 
lnterieukin-10 gene therapy - 
interteukin-12 - Genetics Institute, Hoffman 

La-Roche 

interieukin-13 - Sanofi 

interieukin-13 antagonists -AMRAD 

lnterieukin-13-PE38QQR 

interieukin-15 - Immunex 

interieukin-16 - Research Corp 

interieukin-18 - GlaxoSmithKline 

lnterieukin-1-alpha - Immunex/Roche 

interleukin-2 - SRC VB VECTOR, 
Ajinomoto, Biomira 

lnterieukin-3 - Cangene 

lnterleukin-4 - Immunology Ventures, 
Sanofi Winthrop, Schering-Plough, 
Immunex/ Sanofi Winthrop, Bayer, Ono 



IPF-Metabolex 

IR-501 - Immune Response 

ISIS 9125 - Isis Pharmaceuticals 

ISURF No. 1554 -Millennium 

ISURF No. 1866 - Iowa State Univer. 

ITF-1697 - Italfarmaco 

lxC162-lxion 

J 695 - Cambridge Antibody Tech., 

Genetics Inst, Knoll 
Jagged + FGF- Repair 
JKC-362 - Phoenix Pharmaceuticals 
JTP-2942 - Japan Tobacce 
Juman monoclonal antibodies - 

Medarex/Raven 
K02 - Axys Pharmaceuticals 
Keliximab-IDEC 
Keyhole limpet haemocyanin 
KGF-Amgen 
KM 871 - Kyowa 
KPI135-Scios 
KPI-022-Scios 



interleukin-4 fusion toxin - Ugairod 
intedeukjn-4 receptor - Immunex, Immun 
lnterieukin-6- Ajinomoto, Cangene, Yeda, 
Genetics Institute, Wovartls. 
interieukin-6 fusion protein - 
inter! eukSn-6 fusion toxin - Ugarod, Semno 
InterteuWn-7 - DC Innovations 
inferieutdn-7 receptor - Immunex 
interteukin-8 antagonists - Kyowa 



KSB 304 

KSB-201-KSBiomedix 
L6S8418-Merck 
L 703801 -Merck 
L1-Acorda 
L-761191- Merck 

lactofemn - Meristem, Pharming, Agennix 

Oactofem'n cardb - Pharming 

LAG-3-Serono 

LAIT- GEMMA 

LAK cell cytotoxin - Arizona 

lamellarins - PharmaMarAJniversity of 



interieukin-9 antagonists - Genaera 
interleukins-Cel-Sci 
Iodine 1 131 tositumomab - Corixa 
ior EPOCIM - Center of Molecular 
Immunology 

lor-P3 - Center of Molecular Immunology 
IP-10-NIH 



laminin A peptides - NIH 
lanoteplase - Genetics Institute 
laronidase-BfoMarin 



LCAT-I 
LDP 01 -Millennium 
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Lecifhinized superoxide disrnutase - 



lelF adjuvant - Gate 
leishmaniasis vaccina - Costa 
tenercept - Hofftnan La-Roche 



leptin - Amgen, DC Innovations 
leptin gene therapy - Chiron- C 
leptin, 2nd-$eneratton - Amgen 



i «• 



:-Eptc 
slin.oral-Unigene 
leuTech -Papain 
LEX032-SuperGsn 
LiDEPT-Novaris 
lipase -Alius Biologies 
lipid A vaccine - EntreMed 
lipid-tinked anchor Tech. - ICRT, ID 



liposoms-C04 Tech. - Sheieid 
listeria monocytogenes vaccine 
1 
7 



- Cantab PharmaoeuUcab 



Symbfooroi, GlaxoSmithKline,Hyland 

Immuno, Medlmmune 
Lymphocytic choriomeningitis virus vaccine 
lymphoma vaccine - Biomira, Genitope 



Oys plasminogen, recombinant 

36 



lysostaphin - Nutrition -21 



^16N7C2-ConreslntL 
malaria vaccine - GiaxoSmithKlne, 
AdProTech, Antigenics, Apovia, Aventis 
Pasteur, Axis Genetics, Behringwerke, 
CDCP, Chiron Vaccines, Genzyme 
Transgenics, Hawaii, Medlmmune, NIH, 
MYU, Qxxon, Roche/Saramane, Biotech 
Australia, Rx Tech 



marnmag toMn - Corka 



Ctoinovlr-Phytaa 



LSA-3 

LT4 receptor - Biogen 

lung cancer vaccine - Costa 

lusupurtide-Scios 

l-Vax-AWAX 

LY 355455 -Qi Lilly 

LY 366405 -O Lilly 

LY-355101 -BiUily 

Lyme disease DNA vaccine - Vtcai/Aventis Nobel, IOCS 
Pasteur MUX 1 1 - Medarex 

MDX21Q-Medarex 
MDX22-Medarex 

FDG.1Q " X22 



MCF - Human Genome Sciences 
BfoScience-Ateo 
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ME-104-Pharmexa 
(Measles vaccine 



MDX24Q-M3edarox 
MDX33 



MDX44-Medarox 

MDX447-Mfedarex 

MDXH21Q-Medarex 



MDX RA- Houston BioTech., Medarex 




Mecasermin - Cephalon/Chiron, Chiron microplasmin - TlirornboGenics 



Melanoma monoclonal antibodies - Vlragenmolgramosiim - Genetics Institute, Novartis 
melanoma vaccine - GlaxoSmithKiine, monoclonal antibodies - Abgenix/Celifech, 
Ateo Nobel, Avant, Aventis Pasteur, Immusol/ Medarex, Viragen/ Rosiin 
Bavarian Nordic, Biovector, CancerVax, Institute, Cambridge Antibody TechiEian 
Genzyme Molecular Oncology, Humboli MAb 108 - 
ImCfone Systems, Memorial, NYU, Oxxcn MAb 10D5 - 
Melanoma vaccine Magevac -.Tnerion MAb 14.1&*terieutdn-2 immunccytokine - 
raismc^ enhances -Seles Lexigen 
meningococcal B vaccine - Chiron MAb 14G2a - 
meningococcal vaccine - GAMR MAb 15A10 - 

Meningococcal vaccine group B conjugate - MAb 170 - Biomira 
-North American Vaccine MAb 177ILju CC49 - 

Meningococcal vaccine group B MAb 17F9 

PKJombinant - BioChem Vaccines, MAb 1 07 
Microscience MAb 1F7 - Immune Neftwft 

Meningococcal vaccine group Y conjugate - MAb IHIO-doxorubia'n conjugate 
-North American Vaccine * MAb2&-2F 

Meningococcal vaccine group® A B and C MAb 2A1 1 
conjugate - North American Vaccine MAb 2E1 - RW Johnson 
Mepofizumab- GlaxoSmithKiine MAb2F5 
Metastatin - EntreMed, Takeda MAb 31.1 - International Btotammm 

Met=CkB7- Human Genome Sciences Systems 
metenkephatin-TNl MAb 32 -Cambridge Antibody Tech., 

METH-1 - Human Genome Sciences . Peptech 
methioninase- Anticancer MAb323A3-Centocor 



MEDI488-IMedlmmune 
MED15G0 



MED1 507 - BioTranspIant 
melanin concentrating hormone 



Neurocrine Biosciences 
melanocortins-OMRF 





MAb3C5 
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MAb3F12 
3F8 



C242-PE conjugate 
c30^5 

CA2Q8-cytoffiodin-S conjugate - 



MAb 425 - Merck KGaA 

1 447-52D — Merck Sharp & Dohme MAb 
1 45-2D9- - haernatoporphyrin 



CC49-£nzon 
ch14.18- 

CT814.18-GM-CSF fusion 



MAb 4E3-CPA conjugate - BCM Oncologia 
MAb 4E3-daunombicin conjugate 
MAb 50-6 



MAb7c1te8 

MAb7E11 C5-seIenccystamine conjugate 
MAb93KA9-Movarfe 



Biodynamics Research, Pharmacia 
MAbA5B7+131 



MAb A7-anostatin conjugate 



GMAbAFP-l-131 -ImmunomedScs 



B43.13=Tc-99m - Biomira 



MAb BCM 43-daunorubicsn conjugate - 
BCM Oncologia 
MAbBiS-1 

MAb BMS 181 170 - Bristol-Myers Squibb 
MAbBR55-2 



chCE7 

CH37-AMRAD 



CIB-CD19 

CLB-CD19V 

CLL-1 - Peregrine 

GIL-1-GM-GSF conjugate 

CLL-WL-2 conjugate - Peregrine 

CLN IgG - doxorubicin conjugates 

conjugates -Tanox 

D812 

Oall302 

DC101 -imClone 
EA1- 

EC708j-Btovation 

EP-5C7 - Protein Design Labs 

BRDC-1 - DCRT 

F105 gene taapy 

FC2.15 



37- 

HD37-ricin chain-A conjugate 
HNK20-Aeambis 
huN801-DM1 conjugate - 



MAb C 242-DM1 conjugate - IrnmunoGen 



H31CG49-Corixa 
IC025 

1CR12-CPG2 conjugate 
ICR-62 
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MAbK1 



i L6 - Bristol-Myess Squibb, Oncogen 
MAbUC0 16-88 

i UL2-I-131 - Immunometiics 
i LL2-Y-S0 
N2AbLS2D817-Hybritech 



AAAb LYM9-14-131 
[M>LYM-1-Y-90 
MAblYM-2- Peregrine 
MAbWJ195 

MAb M195-bismu«n 213 conjugate - 
Protein Design Labs 



MAbWJ195-l-131 
MAbM195-Y-S0 
MAbMA33H1-Sanofi 
MAbMADII 



MAb MINTS 
MAbMK2-23 

MAbMOC31 ETA{252-S13) conjugate 
MAbM0O31-!n-111 



flRK-16-Aventis Pasteur 
MAbMSHGS 
MAbND0£TPABr&3 
MAbMY9 
MAbNd2-Toscfo 
iNG-1-Hygeia 
IR/301 - Missin Food 
MAbOC125 

MAb OC 125-CMA conjugate 
MAbOKI-1 -Qrtho-McMeil 
MAb 0X52 - Byproducts for Science 
MAbPMAS 



R~24aHumanGD3 -Celitech 



i RFT5-ricin chain A conjugate 
MAb$C1 
MAbSM3-ICRT 

MAb SMART 1010 - Protein Design Labs 
Mm SMART ABL384- Movartis 
iVJAbSNBf 

iVJAb SM6f-deglycosylated ricin A chain 



IVJAb SN7-rsdra chain A conjugate 
MM) T101-Y-80 conjugate - Hybritech 
i T-88- Chiron 



TEC 11 

TES-23-Chugai 



•1- 



MAbTW-3' 

MAb TMT-3 - IL2 fusion protein - 
MAbTP3^&-211 



UJ13A-1CRT 



IMA&>8G2 - QaxoSrnithKline 
MAb-M conjugate - ImmunoGen 
MAb-ddn-chain-A conjugate - XQMA 



Ctoopharai C - VIventia Biotech 



montirelin hydrate - Gruenenthal 
moroctooog alfa - Genetics Institute 
Moroctcocg-aMa f - Pharmacia 
MP 4 

MP-121-Biopharm 
MP-52-Biophami 
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MS 28168 - ftisui Chemicals, Ninon Neuroprotective vaccine - University of 



MSH fusion toxin - Ligand 
MSI-89-Genaera 
Wnr201-Micromet 
Muo-1 vaccine - Corixa 



mullerian inhibiting subst 
muplestim - Genetics Institute, Novarfe, 
BSMAntMnfedives 
murine MAb - IKS Biomedix 



833 - Toagcsei 
coplasma pulmonis vaccine 
coprex-] 



myostatin - Genetics Institute 
Nacolomab tafenatox - Pharmacia 
nagrestipen - British Biotech 
NAP-5-Ccrvaslnti. 
NAFc2- Gross Int. 



Nateptee-WDW, Ninon Sctefrcg 



NBI-3001 -Neurocrine BSosco. 
(MBB-6788 - Neurocrine Biosco. 



Neisseria gcnonmoea vaccine - Antex 
Biologies 



Nerelimomab - Chiron 
Nerve growth factor - Amgen - Chiron, 
Genentech 



nesiritlde citrate -Scfes 
neuregulin-2-CeNeS 
neurocan-NYU 
neuronal delivery system - 



FOdL m 



neurotrophic fector - NsGene, CereMedix 
NeuroVax - Immune Response 
neurturin - Genentech 
neutral endopeptidase -Genentech 
NGF enhancers - NeuroSearch 
NHL vaccine - Large Scale Biology 
NIP45 - Boston Life Sciences 
NKI-B20 

MM 01 -Nissin Food 
NMM39-NHroMed 
NiflP - Genetics Institute 
a-2211-NovoNojdisk 



Nonacog alfa 
Norelin - Biostar 
Norwalk virus vaccine 
NRLU10-NeoRx 
NRLJU10PE-NeoRx 
NT-3-Regeneron 
NF45- Genentech 
NU305S 
NU3076 

NX 1838 - Gilead Sciences 
NY ESO-1/CAG-3 antigen - NIH 
mVhO-7 - Aventis Pasteur 
NZ-1002-Novazyroe 



OC 10428 -Ontogen 
OC 144093 -Ontogen 
OCIF-Sankyo 
0d43-0isuka 
OK PSA -liposomal 



QWJS91 
DM 992 

Omalizumab - Genentech 
on'coimmunin-L-NIH 
Oncolysln B - IrnmunoGen 
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Oncolysin CDS - ImrnunoGen 
Oncolysin M - immunoGen 
Oncolysin S - ImrnunoGen 



Oncostatin M - Bristol-Myers Squibb 
OncoVax=CL - Jenner Biotherapies 
QncoVax-P - Jenner Biotherapies 
oneroept-Yeda 

onychomycosis vaccine - Boehringer 
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PAM4-Merck 
pamileplase - Yamanouchi 
pancreatin, Minitabs - Eurand 
Pangen - Fournier 
Pantarin - Selective Genetics 
Parainfluenza virus vaccine - Pharmacia, 
Pierre Fabre 



parathyroid hormone -Abiogen, Korea 



opebecan-XQMA 
opioids -Arizona 
Oprelvekin - Genetics Institute 
Q^-33408 b-Akzo Nobel 
OrolipDP-EpiCept 



Chugai/Suntory 
Parkinson's disease gene therapy - Cell 



OSA peptides - GenSd Regeneration 
osteoblast-cadherin GF - Pharis 



Parvovirus vaccine - Medlmmune 
PCP-Scan - Immunomedics 
PDGF cocktail - Theratechnologies 
peanut allergy therapy - Dynavax 



PEGMAbA5B7- 

Pegacaristim - Amgen - Kirin Brewery - 



Osteocalcin-thymidine kinase gene therapy PEG antMCAM MAb - Boehringer 
osteogenic protein - Curfe Ingelheim 
osteopontin - OraPharma PEG asparaginase - Enzon 

osteoporosis peptides - Integra, Telics PEG glucocerebrosidase 
csteoprotegerin - Amgen, SnowBrand PEG hirudin - KnoSI 
otitis media vaccines -AntexBiotogics PEG interferon-alpha-2a - Roche 
ovarian cancer - University off Alabama PEG onterfero?wlpha-2b + ribavirin - 
OX40-IgG fusion protein - Cantab, Xenova Biogen, Enzon, iCN Pharmaceuticals, 
P246-Diatide " ' 

P30-Alffaosil 
p1025 -Active Biotech 
P-W-Demegen 
P-16 peptide - Transition Therapeutics 
p43-Raraot 

P-SO peptide - Transition Therapeutics ' 
p53 + RAS vaccine - NIH, NCI 
PACAP(1-27) analogue 
paediatric vaccines - Chiron 
Pafese-iCOS 
PAGE-4 plasmid DMA - IDEC 
PAi-2 - Biotech Australia, Human 
Therapeutics 

Palivizumab - Medlmmune 

F0(3„ 



Pegatdesleuldn - Research Corp 
pegaspasgase - Enzon 



PEG-interferon Alpha - Viragen 
PEG-interferon Alpha 2A - Hoffman La- 
Roche 

PEG-interferon Alpha 2B - Schering- 



PEG-r-hirudin - Abbott 
PEG-uricase - Mountain View 
Pegvisomant - Genentech 
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PEGylated proteins, PolyMASC 
PEGylated recombinant naive " 



Pemturramab 
Penetratin-Cydacel 
Pepscam-AntisoTO 
peptide G-Peptecto, iCRT 
peptide vaccine -NIH ,NC0 



No.5947-StressGen 
No. 5981- 



-NIH 



pexiganan 



No. 3179 - NYU 

No. 3380 - Ernest Orlando 

No. 3417 -Sumitomo 

No.3777-Acarnbis 

No.4209-XOtm 



•IMMUCON 
Cytoclonal 
SIDDCO 
•Genzyme 
NIH 



No. 4651 

No.4915-Avanir 
; No. 5156 - Rhizogenics 
No.5200-Pfeer 
No.5215-Qrigene 
No.5216-Origene 
;No.5218-Orcgene 
;No.5287-ML 

No.5373-CtophoSys 
No.5493-WtetaboIex 
No.5707-Genentech 
No.5728-AMtogen 
No.5733-BioMarei 
No. 5757 -I 
No. 5765 -i 



Pharmaprojecte No. 5962 
Pharmaprojeclts No. 5966 
Pharmaprojects No. 5994 ■ 
Pharmaprojecte No. 5995 • 
Pharmaprojects No. 6023 • 
Pharmaprojects No. 6083 • 
Pharmaprojects No. 6073 • 
Pharmaprojects No. 6115 • 
Pharmaprojects No. 6227 ■ 
Pharmaprojects No. 6230 
Pharmaprojects No. 6236 
Pharmaprojects No. 6243 
Pharmaprojecte No. 6244 • 
Pharmaprojects No. 6281 
Pharmaprojects No. 6365 
Pharmaprojects No. 6368 
Pharmaprojects No. 6373 
Pharmaprojects No. 6408 
Pharmaprojecte No. 6410 ■ 
Pharmaprojects No. 6421 -Oxford 



•NIH 
•NIH 
•NIH 
• Senetek 
■NIH 



-NIH 

Pan Pacific 



Phamnaprajeds No. 6522 - Mwypen 
Pharmappojects No. 6523 - Pharis 
. Pharmaprojecte No. 6538 - Maxygen 
Pharmapsrojects No. 6554 - APAUEXO 
Pharmaprojects No. 6560 - Ardana 
Phamiiaprofeds No. 6562 - Bayer 
Pharmaprojects No. 6569 -£os 



Pharmaprojects No. 5839 - Dyax 
Pharmaprojects No. 5849 - Johnson & 
Johnson 

Pharmaprojects No. 5860 - Mitsubishi- 
Tokyo 

Pharmaprojects No. 5869 - Oxford 
GlycoScienoes 

Pharmaprojects No. 5883 - Asahi 



Phenytese-lbax 

Pigment epithelium derived factor - 
plasminogen activator inhfoiter-1, 
recombinant - DuPont Pharmaceuticals 



FB©.H 
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Laboratories, American Home Products, protein A - RepliGen 
Boehringer Mannheim, Chiron protein adhesives - Enzon 

Corporation, DuPont Pharmaceuticals, Eli protein C - Baxter Intl., PPL Therapeutics, 
Lilly, Shionogi, Genentech, Genetics ZymoGenetics 
Institute, GlaxoSmithKline, Hemisphere protein C activator - Gilead Sciences 
Biopharma, Merck & Co, IMovarKs, protein kinase R antags - NIH 
Pharmacia Corporation, Wakamoto, Yeda protirefin - Takeda 
plasminogen-related peptides - Bio-Tech, protocadherin 2 - Caprton 
General/MGH Pro-urokinase- Abbott, Bristol-Myers 

plateletfactor4- RepliGen Squibb, Dainippon.Tcsoh-Welfide 

Platelet-derived growth factor - Amgen - P-selectin glycoprotein Bgand-1 - Genetics 



pluscmermin- Hayashibara pseudomonal infections - InterMune 

PiViD-2850 - Protherics Pseudomonas vaccine - Cytovax 

Pneumcooccal vaccine - Antex Biologies, PSGL-!g - American Home Products 
Aventis Pasteur PSP-94 - Procyon 

Pneumococcal vaccine intranasal - PTH 1-34 - Nobex 
BioChem Vaccmes/Biovector Quilimmune-M - Antigenics 

PR1A3 R 101933 

Pr_39 • R 125224 - Sankyo 

prataratin-Kaken RA therapy -Cartiion 

Rabies vaccine recombinant - Aventis 
Pasteur, BooChem Vaccines, Kaketsuken 



PRO 2000 - Precept RadioTheraCIM - YM Biosciences 

PRO 367 - Progenies Ramot project Mo. 1315 - Ramot 

PRO 542 - Progenies Ramot project No. K-734A- Ramot 

Ramot project No. K-7348 - Ramot 



prolactin - Gsnzyms RASMK - Imsronex 

Prosaptide TX14(A) - Bio-Tech. General ranpomase - Altai 
prostate cancer antbodies - Immunex, s^pimass-®iitKB22l\Mb-AIfacell 
UroCor RANTES inhibitor - Man 

prostate cancer antibody therapy - RAPID drug delivery systems - ARIAD 
Genentech/UroGenesys, rasburicase - Sanofi 

Genotherapeutscs rBPI-21, topical -XOMA 

prostate cancer Immunotherapeutjcs - The RC529~Corixa 
PSMA Development Company rCFTR - Genzyme Transgenics 

prostate cancer vaccine - Aventis Pasteur, RD 62198 
Zbnagen, Corixa, Dendreon, Jenner rDnase - Genentech 
Biotherapies, Thedon Biologies RDP-58 - SangSfiat 



WOD3NB14C4 
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RecepTox-Fce-Keryx 
RecepTox<3nRH-Ker 
Technologies 
RecepTox-WlBP - Keryx, MTR 



recFSH - Akzo Nobel, Organon 
REGA3G12 
Regavlrumab-Tepi 
relaxin - Connetics, Corp 
Renal cancer vaccine - Macrophannn 



Rickettsial vaccine recombinant 

RIGScanCR-Neop'robe 

RIP-3-Riget 

RK-0202-RxKinetix 

RLT peptide -Esperion 

rM/N£l-IVAX 

rmCRP - Bnnmtech 

RN-1001-Renovo 

RN-3-Renovo 



repifermin - Human Genome Sciences RNAse conjugate - Immunomedtcs 
Respiratory syncytial virus PFP-2 vaccine - RO 631S08 - Roche 
Wyeth-Lederie Rotavirus vaccine - IMerck 

Respiratory syncytia] virus vaccine - RP 431 - DuPont Pharmaceuticals 
GlaxoSmithKJihe, Pharmacia, Piero FabreRP-128 - Resolution 
Respiratory syncytial virus vaccine RPE65 gene therapy - * 
inactivated RPR 1 10173 - Aventis Pasteur 

Respiratory syncytial virus-parainfluenza RPR 1 15135 - Aventis Pasteur 



virus vaccine - Aventis Pasteur, 



Refceplase - Boehringer Mannheim, 
Hoffman La-Roche 



RPR 1 16258A - Aventis Pasteur 
rPSGL-lg - American Home Products 
r-SPC surfactant - Byk Gulden 
rV-HER-2/neu - Troerion Biologies 
SA1042-Sankyo 



RFB4(d!sFv)PE38 
RFO 641 - American Home Products 
IB-I 



Sant7 

Satgramostim - Immuinex 



RG 83852 - Aventis Pasteur 
RG-1059-RepiiGeaii 
rGGR-WlH 
-1-1 



rh Insulin- Hi Uily 



rHbU -Baxter M. 
rtoCCIO-Claragen . 
rhCG-Serono 
Rheumatoid arthritis gene therapy 
Rheumatoid arthritis vaccine - 
Affaire Medical Center 
rhLH - Serono 

FD 



SB 1 -COR Therapeutics 

SB 207443 - ©axoSwihSdine 

SB 208651 - GlaxoSmithKline 

SB 240883 - GlaxoSmithKline 

SB 249415 - GlaxoSmithKline 
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r 

(FucX 

A* -GlcNAefelcNAc-Man 



/([GlcNAiKGalU^SiaVCRX ]^ 
n /^([GlcNA<KGal)J f - (Sia),- (R)J 8 
\ fe /([GlcNAc-(Gal)J g -(Sia) 1 -(R) x ) f 
^ ([GlcNAc-CGaDA- (Sia) m - <R) y ] 



3/ 



bb 



plcNAc-Gal^Sia).^^ 



a-d, i, n-u (independently selected) = 0 or 1. 

aa, bb, cc, dd, ee (independently selected) = 0 or 1. 

e-h (independently selected) = 0 to 6. 

j-m (independently selected) = 0 to 20. 

v-z = 0; R = modifying group, mannose, oligo-mannose. 

R' = H, glycosyl residue, modifying group, 

glycoconjugate. 
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H 2 N 



A 
± 

72 



COOH 



r 



i 



A^-GlcNAc- GlcNAc-Man 



/[[GlcNAc-CGaDJ.-CSiaVCRX^ 
/^([(HcNA<KGal)J f - (Sia),- 
\^/([GlcNAc-(Gal)J g - (Sia),- (R) x \ 
^ ([GlcNAcKGal)^- (SiaV (R)j 



a-d, i, r-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 4. 
j-m (independently selected) = 0 or 1. 
n, v-y=0; z=0 or 1. 
R = polymer; R' = sugar, glycoconjugate. 
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CHO, BHK, 293 cells, Vero expressed 

interferon alpha- 14C. 
h=lto3; 

a-g, j-m, i (independently selected) = 0 or 1; 
r-u (independently selected) = 0 or 1; 
n, v-y=0;z= 1. , 

| 1. CMP-SA-PEG, ST3Gal3 
h = lto3; 

a-g, i (independently selected) = 0 or 1; 
r-u (independently selected) = 0 or 1; 
j-m, v-y (independently selected) = 0 or 1; 
z=l; n = 0; R = PEG. 



FIG. 28F 



Insect cell or fungi expressed 

interferon alpha- 14C. 
a-d, £ h, j-n, s, u, v-y = 0; 
e, g, i, r, t (mdependently selected) = 0 or 1; 
z = l. 

Il.GNT'slA^.UDP-GlcNAc 
2. Galactosyltransferase, UDP-Gal 
3. CMP-SA-PEG, ST3Gal3 



a-m, r-y (independently selected) = 0 or 1; 
z=l; n = 0; R=PEG. 



FIG. 28G 
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Yeast expressed interferon alpha- 14C. 
a-n = 0; r-y independently selected) = 0 to 1; 
z= 1; R (branched or linear) = Man, 
oligomannose. 



1. mannosidases 
I 2. GNT's 1,2,4,5, UDP-GlcNAc 

3. Galactosyltransferase, UDP-Gal 
Y 4„ CMP-SA-PEG, ST3Gal3 

a-m, r-y (independently selected) = 0 or 1 ; 
z=l; n = 0; R=PEG. 



FIG. 28H 



NSO expressed interferon alpha 14C. 
a-i, r-u (independently selected) = 0 or 1; 
j-m, n, v-y = 0; z= 1. 



I 1. CMP-SA-levulinate, ST3Gal3, 
| buffer, salt 
I 2.EyST 2 -PEG 

a-i, j-m, r-y (independently selected) = 0 or 1; 
n =0; z=l; R=PEG. 



FIG. 281 
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CHO, BHK, 293 cells, Vero expressed 

interferon alpha- 14C. 
h=lto3; 

a-g, j-m, i (independently selected) = 0 or 1; 
r-u (independently selected) = 0 or 1 ; 
n,v-y = 0;z= 1. 

| l.CMP-SA-PEG,a2,8-ST 
h=lto3; 

a-g, i, r-u (independently selected) = 0 or 1; 
j-m (independently selected) = 0to2; 
v-y (independently selected) = 1, 
when j-m (independently selected) is 2; 
z=l; n=0; R — PEG. 



FIG. 28J 



CHO, BHK, 293 cells, Vero expressed 

Interferon alpna-14C. 
a-g, j-m, r-u (independently selected) = 0 or 1; 
h=lto3; n,v-y=0; z=l. 



1. Sialidase 

2. Trans-sialidase, PEG-Sia-lactose 



a-g, j-m, r-y (independently selected) = 0 or 1; 
h = 1 to 3; n = 0; z=l; R=PEG. 



FIG. 28K 
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CHO, BHK, 293 cells, Vero expressed 

interferon alpha- 14C. 
h=lto3; 

a-g, j-m, i (independently selected) = 0 or 1; 
r-u (independently selected) = 0 or 1; 
n,v-y=0;z = l. 



1. CMP-SA, a2,8-ST 



h=lto3; 

a-g, i, r-u (independently selected) = 0 or 1; 
j-m (independently selected) = 0 to40; 
z-l; v-y,n=0. 



FIG. 28L 



Insect cell or fungi expressed interferon alpha-14C. 

a-d,^h,Ms,u,v-y = 0; 

e, g, i, r, t (independently selected) = 0 or 1; 

z=l. 



I 1. GNT's 1 & 2, UDP-GlcNAc 

2. Galactosyltransferase, 

I UDP-Gal-linker-SA-CMP 

3. ST3Gal3, transferrin 

a,c,e,g,i, r, t, v, x Ondependentry selected) = 0 or 1; 
z=l; b,d,t;h,j-n,s,u,w,y=0; 
R = transferrin. 



FIG. 28M 
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Insect cell or fungi expressed interferon alpha- 14C. 
a-d,£hj-n,s,u,v-y=0; 

e,g,i,r > t (independently selected) = 0 or 1; z=l. 



il. endoglycanase 
2. Galactosyltransferase, 
UDP-Gal-linker-SA-CMP 
3. ST3Gal3, transferrin 



i (independently selected) = 0 or 1; 
a-h, j-m, r-z = 0; 

n = 1; R' = ^al-linker-transferrin. 



FIG. 28N 
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B 

H 2 N — COOH 

106 



B ^-GalNAc-(Gal) a -(Sia) c -(R)d 



a-c, e, f (independently selected) = 0 or 1; 
d,g = 0; R = polymer, glycoconjugate. 



FIG. 280 
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CHO, BHK, 293 cells, Vero expressed 

IF-alpha (2a or 2b). 

a-c (independently selected) = 0 or 1; 

e=l;<Ug=0 



il. Sialidase 
2. CMP-SA-PEG, ST3Gall 



a-d (independently selected) = 0 or 1; 
e = l; b,f;g=0; R=PEG. 



FIG. 28P 



Insect cell expressed interferon alpha (2a or 2b). 

a, e (independently selected) = 0 or 1; 

b, c,d,Sg=0. 

il. Galactosyltransferase, UDP-Gal 
2. CMP-SA-PEG, ST3Gall 



a, c, d, e (independently selected) = 0 or 1; 

b, £g=0; R=PEG.. 



FIG. 28Q 
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E. coli expressed IF-alpha (2a or 2b). 


a-g= 


= 0. 




1. GalNAc Transferase, 




UDP-GalNAc-PEG 




r 


a-c, f, g = 0; d,e = l; R=PEG. 



FIG. 28R 



NSO expressed IF-alpha (2a or 2b). 
a (independently selected) = 0 or 1; 
e= 1; b,c,d,t;g=0 



1. CMP-SA-levulinate, ST3Gall 
^ 2.H 4 N 2 -PEG 



a, c, d (independently selected) = 0 or 1; 
e = l; b,f,g = 0; R=PEG. 



FIG. 28S 
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E. coli expressed IF-alpha (2a or 2b). 


a-g 


= 0. 




1. Endo-N-acetylgalatosamidase 




(synthetic enzyme), 




r PEG-GaKMNAc-F 


a,d,e=l;b,c,tg = 0; R=PEG. 



FIG. 28T 



E. coli expressed IF-alpha (2a or 2b). 


a-g= 


= 0. 




1. GalNAc Transferase, UDP-GalNAc 




2. sialyltransferase, CMP-SA-PEG 

f 


b,d= 


= 0orl; e=l; a, c, Sg = 0;R=PEG. 



FIG. 28U 
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CHO, BHK, 293 cells, Vero expressed IF-alpha 
(2a or 2b). 

a-c, f (independently selected) = 0 or 1; 

e = l; d,g=0 

il. SiaHdase 
2. CMP-SA-PEG, ST3Gall and ST3Gal3 



a-d, f, g (independently selected) = 0 or 1; 
e=l; R=PEG. 



FIG. 28V 



CHO, BHK, 293 cells, Vero expressed 

IF-alpha (2a or 2b). 
a-c, f (independently selected) = 0 or 1 ; 
e=l;d,g=0 



il. Sialidase 
2. CMP-SA-linker-SA-CMP, 
,ST3Gall 
3. ST3GaD, transferrin 

a-d, f (indepeodently selected) = 0 or 1; 
e = 1; R=ti^ferrin; g = 0. 



FIG. 28W 
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....^mucin peptide 
i i 4 



H 2 N ~~COOH 

B 



...^ mucin peptide 
H 2 N^~ COOH 

B 



w mucin peptide ' 
^mucui peptide 



HN COOH 

B B 



B ^GaINA<KC3al) a -(Sia) c -^) d J c 



a-c, e (independently selected) = 0 or 1; 
d = 0; R = polymer, glycoconjugate. 



FIG. 28X 
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CHO, BHK, 293 cells, Vero expressed 

interferon alpha-mucin fusion proteiiL 

a-c, e (independently selected) = 0 or 1; d = 0 



1. Sialidase 

2. CMP-SA-PEG, ST3Gall 



a-d, e (independently selected) = 0 or 1; 
R=PEG. 



FIG. 28Y 



Insect cell expressed interferon alpha-mucin 
fusion protein. 

a, e (independently selected) = 0 or 1; 

b, c,d=0. 



1. Galactosyltransferase, UDP-Gal-PEG 



a, d, e (independently selected) - 0 or 1; 

b, c = 0; R=PEG. 



FIG. 28Z 
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E. coli expressed interferon alpha-mucin 

fusion, protein, 
a-e = 0. 



1. GalNAc Transferase, UDP-GalNAc 

2. CMP-SA-PEG, sialyltransferase 



c, d, e (independently selected) = 0 or 1; 
a,b = 0;R=PEG. 



FIG. 28AA 
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H,N COOH 



^ mucin peptide 

i 

B 



„..y.mucin peptide 
H 2 N COOH 



H 2 N COOH 

C 



^ 1 

B ^43aINAcKC3al) a -(Sia) c -^) d J e 



a-c, e (independently selected) = 0 or 1; 
d = 0; R = polymer, linker. 



FIG. 28BB 
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E. coli expressed interferon alpha-mucin 

fusion protein, 
a-e, n = 0. 



I. GalNAc Transferase, 
UDP-GalNAc-PEG 

T 

d, e (independently selected) = 0 or 1 ; 
a-c,n=0;R=PEG. 



FIG. 28CC 



E. coli express 


sed interferon alpha-mucin fusion 


protein. 




a-e, n = 0. 





1. GalNAc Transferase, 
| UDP-<}amAc-linker-SA-CMP 
T r 2. ST3Gal3, asMoMransferrin 

3. CMP-SA, ST3Gal3 



d, e (independently selected) = 0 or 1; 
a-c, n = 0; R = linker-transferrin. 



FIG. 28DD 
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E. coli expres 


sed Interferon alpha (no fusion). 


a-e, n = 0. 





1. NHS-CO-linker-SA-CMP 

2. ST3Gal3, transferrin 



a-e = 0;n = l; R* = linker-transferrin. 



FIG. 28EE 
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HOOC 




(FucX 
i 



r 



A<-GlcNAc- GlcNAc-Man 



.{[GlcNAc-CGalU- (Sia), - (R) v 
/^[[CHcNA<KC5al)J f - (Sia),- (R)J 8 
/{[CHcNAc-(Gal)J g - (Sia),- (R) x ) t 



([GlcNAc-<Gal)A- (Sia) m - (R),) 



a-d, i, r-u (independently selected) = 0 or 1. 
e-h (mdependentiy selected) = 0 to 4. 
j-m (independently selected) =0 or 1. 
n, v-y=0; z=0 or 1; R= polymer 



FIG. 29A 
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CHO, BHK, 293 cells, Vero expressed IF-beta 
h=lto3; 

a-g, j-m, i (independently selected) = 0 or 1; 
r-u (independently selected) = 0 or 1; 
n, v-y=0;z= 1. 



h=lto3; 

a-g, i (independently selected) = 0 or 1; 
r-u (independently selected) = 0 or 1; 
j-m, v-y (independently selected) = 0 or 1; 
z= 1; n=0; R = PEG. 



Insect cell expressed IF-beta 

a-4t;h,Ms,u,v-y=0; 

e, g, i, r, t (mdependenuy selected) = 0 or 1; 

z=l. 

il. GNT's 1&2, UDP-OlcNAc 
2. Galactosyltransferase, UDP-Gal 
2. CMP-SA-PEG, ST3Gal3, 
buffer, salt 

b, d, f, h, k, m, n, s, u, w, y = 0; 
a, c, e, g, i, r, t (independently selected) = 0 or 1; 
j, 1, v, x (independently selected) = 0 or 1; 
z=l; R=PEG. 



1. Sialidase 

2. CMP-SA-PEG, ST3Gal3 



FIG. 29B 



FIG. 29C 
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Yeast expressed EF-beta 
a-n = 0; z= 1; 

r-y (independently selected) = 0 to 1; 

R (branched or linear) = Man, oligomannose or . 

polysaccharide. 





l.Endo-H 




2. Galactosyltransferase, UDP-Gal 




r 3.. CMP-SA-PEG, ST3GaB 


a-m, r-z= 0; n = 1; R' = -Gal-Sia-PEG. 



FIG. 29D 



CHO, BHK, 293 cells, Vero expressed IF-beta 
h=lto3; 

a-g, j-m, i (independently selected) = 0 or 1; 
r-u (independently selected) - 0 or 1; 
n, v-y =0; z = 1. 

1. CMP-SA-PEG, ST3Gal3 

h=lto3; 

a-g, i (independently selected) - 0 or 1; 
r-u (independently selected) = 0 or 1; 
j-m, v-y (independently selected) = 0 or 1; 
z= 1; n=0; R=PEG. 



FIG. 29E 
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Insect cell expressed IF-beta 
a-d,^h,j-n,s,u,v-y = 0; e,g,i,r, t 
(independently selected) = 0 or 1; z= 1. 



I 



1. CJNT's 1,2,4,5, UDP-GlcNAc 

2. Galactosyltransferase, UDP-Gal 

3. CMP-SA-PEG, ST3Gal3 



a-m, r-y (independently selected) = 0 or 1; 
z=l; n=0; R = PEG. 



FIG. 29F 



a-n=0;z = l; 

r-y (independently selected) = 0 to 1; 

R (branched or linear) = Man, oligomaimose. 



I 



1. mannosidases 

2. GNTs 1,2,4,5, UDP-GlcNAc 

3. Galactosyltransferase, UDP-Gal 
4.. CMP-SA-PEG, ST3Gal3 



a-m, r-y (independently selected) = 0 or 1; 
z=l; n = 0; R=PEG. 



FIG. 29G 
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NSOa 


(pressed EF-beta 


a-i, r-u (independently selected) = 0 or 1; 


j-m, n, v-y = 0; z= 1. 




1. CMP-SA-levulinate, ST3GaB, 




buffer, salt 




r 2.H^-PEG 


a-i, j-m, r-y (independently selected) = 0 or 1; 


n =0; 


z=l; R=PEG. 



FIG.29H 



CHO, BHK, 293 cells, Vero expressed IF-beta 
h=lto3; 

a-g, j-m, i (independently selected) = 0 or 1; 
r-u (independently selected) = 0 or 1; 
n,v-y=0;z= 1. 



I. CMP-SA-PEG, a2,8-ST 



h=lto3; 

a-g, i, r-u (mdependentiy selected) = 0 or 1; 
j-m (independently selected) = 0to2; 
v-y (mdependentiy selected) = 1, 
when j-m (mdependentiy selected) is 2; 
z=l; n=0; R = PEG. 



FIG. 291 
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CHO, BHK, 293 cells, Veto expressed IF-beta 
a-g, j-m, r-u (independently selected) = 0 or 1; 
h=lto3; n,v-y=0; z=l. 

il. Sialidase 
2. Trans-sialidase, PEG-Sia-lactose 



a-g, j-m, r-y (independently selected) = 0 or 1; 
h=lto3; n=0; z=l; R=PEG. 



FIG. 29J 



CHO, BHK, 293 cells, Vero expressed Im-beta, 
a-d, i-m, r-u, z (independently selected) = 0 or 1 ; 
e-h^ 1; n, v-y=0. 



1. Sialidase 

2. CMP-SA-PEG (12 mol eq), 
ST3GaB 

T 3.CMP-SA(16moleq),ST3Gal3 

a-d, i-m, r-u, z (mdependentry selected) = 0 or 1 ; 
e-h= 1; n=0; 

v-y (independently selected) = 0 or 1; R = PEG. 



FIG. 29K 
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NSO expressed Ifh-beta. 

a-d, i-m, r-u, z (independently selected) = 0 or 1; 

e-h=l; n,v-y=0; 

Sia (independently selected) = Sia or Gal. 

11. Sialidase and a-galactosidase 
2. a-Galactosyltransferase, UDP-Gal 
3. CMP-SA-PEG, ST3Gal3 

a-d, i-m, r-u, z (independently selected) = 0 or 1 ; 
e-h=l;R=PEG 

n = 0; v-y (independently selected) = 1, 
- when j-m (independently selected) is 1; 



FIG. 29L 



CHO, BHK, 293 cells, Vero expressed Ifh-beta. 
a-d, i-m, r-u, z (independently selected) = 0 or 1; 
e-h= 1; n, v-y = 0. 

il. Sialidase 
2. CMP-SA-PEG (16 mol eq), 
ST3Gal3 
3. CMP-SA, ST3Gal3 

a-d, i-m, r-u, z (independently selected) = 0 or 1 ; 
e-h=l; n = 0; 

v-y (independently selected) = 0 or 1 ; R = PEG. 



FIG. 29M 
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CHO, BHK, 293 cells, Vero expressed Ifh-beta. 
a-d, i-m, r-u, z (independently selected) = 0 or 1; 
e-h= 1; n, v-y = 0. 

I 1. CMP-SA-levulinate, ST3Gal3, 

buffer, salt 
I 2.H 4 N 2 -PEG 



a-d, i-m, r-u, z (independently selected) = 0 or 1 ; 
e-h= 1; n=0; 

v-y (independently selected) = 0 or 1; R = PEG. 



FIG. 29N 



CHO, BHK, 293 cells, Vero expressed Im-beta. 
a-d, i-m, r-u, z (independently selected) = 0 or 1 ; 
e-h = 1; n, v-y = 0. 

| l.CMP-SA,a2,8-ST 

a-d, i, r-u, z (independently selected) = 0 or 1; 
e-h = 1; j-m (independently selected) = 0-20; 
n, v-y (independently selected) = 0. 



FIG. 290 
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HOOC- 




r 



r 

(Puc)j 

A4<HcNA(^QlcNA£-Man 



/(£GlcNA<KGal)J e -(SiaV(R) v ) r 
/^([GlcNA<KC5al) b I r (Sia) lt - (R)^ 

X^/tCGlcNAcKGal^^ (Sia),- (R\ \ 

^([GlcNAcKGal^-CSiaVCRg 

jj/q 



a-d, i, p-u (independently selected) = 0 or 1. 

e-h (independently selected) = 0 to 6. 

j-m (independently selected) = 0 to 100. 

v-y = 0; R = modifying group; 

R' = H, glycosyl group, modifying group, 

glycoconjugate. 



FIG.29P 
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Insect cell expressed Ifh-beta 

a-d, f, h, j-m, s, u, v-y = 0; 

e, g, i, q, r, t (independently selected) = 0 or 1. 



1. GNT's 1,2,4,5, UDP-GlcNAc 

2. Galactosyltransferase, UDP-Gal-PEG 

v 



a-i, q-u (independently selected) = 0 or 1; 
j-m = 0; v-y (independently selected) = 1, 
when e-h (independently selected) is 1; 
R=PEG. 



FIG. 29Q 



Yeast expressed Ifh-beta. 

a-m = 0; q-y (independently selected) = 0 to 1; 

P=i; 

R (branched or linear) = Man, oligomannose. 



11. Endoglycanase 
2. Galactosyltransferase, UDP-Gal 
3. CMP-SA-PEG, ST3Gal3 



a-m,p-y=0; 

n (independently selected) = 0 or 1 ; 
R' = -Gal-Sia-PEG. 



FIG. 29R 
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CHO, BHK, 293 cells, Veto expressed Ifh-beta. 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y=0. 



1 



1. CMP^A-linker-SA-CMP, 
ST3Gal3 

2. ST3Gal3, desialylated transferrin. 

3. CMP-SA, ST3Gal3 



a-m, q-u (independently selected) = 0 or 1; 
p=l; n = 0; 

v-y (independently selected) = 0 or 1; 
R = linker-ttansferrin. 



FIG. 29S 
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BHK expressed Factor VII or Vila 




a-d, e, i, g, q, j, 1, o, p (independently selected) 


= Oorl; 


r,t=l; f;h,k,m,s,u,v-y=0; n=0-4. 




I 1. Sialidase 




j 2. CMP-SA-PEG (16 mole eq), 




t ST3Gal3 




a-d, e, g, i, q, j, 1, o, p (independently selected) = 


= Oor 1; 


r,t=l; f;h,k,m,s,u,w,y = 0; n = 0-4; 




v, x, (independently selected) = 1, 




when j, 1 (respectively, independently selected) 


is I; 


R=PEG. 




FIG. 30B 


CHO, BHK, 293 cells, Veto expressed Factor VII or Vila 


a-d, e, i, g, q, j, 1, o, p (independently selected) = 


Oorl; 


r,t=l; f;h,k,m,8,u,v-y=0; n = 0-4. 




1 1. Sialidase 




j 2. CMP-SA-PEG (1.2 mole eq), 




1 ST3Gal3 




T 3. CMP-SA (8 mol eq), ST3Gal3 





a-d, e, g, i, q, j, \ o, p Ondependently selected) = 0 or 1 ; 
r,t=l; ^h,k,m,s,u,w,y=0; n=0-4; 
v or x, (independently selected) = 1, 
when j or 1, (respectively, independently selected) is 1; 
R=PEG. 



FIG. 30C 
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NSO expressed Factor VII or Vila 
a-u (independently selected) = 0 or 1; 
v-y = 0; n=0-4; 

Sia (independently selected) = Sia or Gal. 



1 . Sialidase and a-galactosidase 

2. Galactosyltransferase, UDP-Gal 
I 3. CMP-SA-PEG, ST3Gal3 

a-m, o-u (independently selected) = 0 or 1; 
n = 0-4; v-y (independently selected) = 1, 
when j-m (independently selected) is 1; 
Sia = Sia; R = PEG. 



FIG. SOD 
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:ooh 

(Fuel ..[[GlcNAc-CGalU-CSiaVCRX \ 

A <- -GlcNAc-GlcNAc-Man /^(CGlcNAc-CGalU-CSia),-^^ 

([GlcNAc-(Gal) J g - (Sia),- (R\ \ 

^ ([GlcNAiKCJaOJ,,- (Sia) m - (BL\) 
B <4^ A ^ Gal >n-( Sia )p-^ R )zJ q C <{-Glo<Xyl)J^ 

D ^--Fiic^GlcNAc^CSaOddKSia)^)^ 



a-d, i, n-u (independently selected) = 0 or 1. 

bb, cc, dd, ee, flj gg (independently selected) = 0 or 1. 

e-h, aa (independently selected) = 0 to 6. 

j-m (independently selected) = 0 to 20. 

v-z = 0; R= modifying group, mannose, oligo-mannose. 



FIG. 31A 
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CHO, BHK, 293 cells, Veto expressed Factor DC 
a-d,q =1; e-h = 1 to 4; 

aa, bb, cc, dd, ee, fij j-m, i, n, o, p, r-u (independently 
selected) = 0 or 1; 

v-z, gg = 0. 

1. Sialidase 

2. CMP-SA-PEG, ST3Gal3 



a-d,q =1; e-h = 1 to 4; 

aa, bb, cc, dd, ee, fit i, n, r-u (independently selected) 
=0or 1; 
o,p,z=0; 

j-m, ee, v-y, gg {independently selected) = 0 or 1; 
R=PEG. 



FIG. 31 B 



CHO, BHK, 293 cells, Vero expressed Factor DC 
a-d, n, q = 1; e-h = 1 to 4; 
aa, bb, cc, dd, ee, £t j-m, i, o, p, r-u (independently 
selected) = Oct 1; 
v-z, gg = 0. 

il. Sialidase 
2. CMP-SA-PEG, ST3Gal3 
3. ST3Gall, CMP-SA 

a-d,n,p,q =1; e-h= 1 to 4; 
aa, bb, cc, dd, ee, fi;i, r-u (independently selected) = 
Oorl; 

j-m, ee, v-y, gg (independently selected) = 0 or 1; 
o,z=0; R=PEG. 



FIG. 31 C 
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CHO, BHK, 293 cells, Vero expressed Factor DC 
a-d, n, q, bb, cc, dd, ff = 1; e-h, aa = 1 to 4; ee,j-m,i, 
o, p, r-u (independently selected) = 0 or 1 ; v-z, gg=0. 

. l.sialidase 

2. Galactosyitransferase, UDP-Gal 
I 3. CMP-SA, ST3Gal3 
* 4. CMP-SA-PEG, ST3Gall 

a-d,n,q =1; e-h = 1 to 4; 

aa, bb, cc, dd, ee, ff, i, r-u (independently selected) = 
0crl;R=PEG; 
o,v-y,gg =0; 

j-m, p, ee (independently selected) = 0 or 1, but when 
p = l,z=l. 



FIG. 31 D 



CHO, BHK, 293 cells, Vero expressed Factor DC 
a-d, q =1; e4i = 1 to 4; 

aa, bb, cc, dd, ee, fl; j-m, i, n, o, p, r-u (independently 
selected) = 0 or 1; 
v-z, gg = 0. 

| CMP-SA-PEG, ST3Gal3 
a-d,q =1; e-h = 1 to 4; 

aa, bb, cc, dd, ee, fi^ i, n, r-u (independently selected) 
= 0or 1; R-PEG; 

o, p, z = 0; j-m, ee, v-y, gg (independently selected) = 
Oorl. 



FIG. 31 E 
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CHO, BHK, 293 cells, Vero expressed Factor DC 
a-d,q =1; e-h= 1 to 4; 

aa, bb, cc, dd, ee, fi£ j-m, i, n, o, p, r-u (independently 
selected) = 0 or 1; 
v-z, gg = 0. 

I 1. CMP-SA-levulinate, ST3Gal3, 

buffer, salt 
J, 2.H 4 N 2 -PEG 

a-d, q = 1; e-h = 1 to 4; 

aa, bb, cc, dd, ee, f£ i, n, r-u (independently selected) 
= 0orl; 

o, p, z = 0; R=PEG; 

j-m, ee, v-y, gg (independently selected) = 0 or 1. 



FIG. 31 F 



CHO, BHK, 293 cells, Vero expressed Factor EX 
a-d, n, q, bb, cc, dd, ff = 1; 
e-h, aa = 1 to 4; 

ee, j-m, i, o, p, r-u (independently selected) = 0 or 1; 
v-z, gg = 0. 

| 1. CMP-SA-PEG, o2,8-ST 
a-d, q =1; e-h = 1 to 4; 

aa, bb, cc, dd, ee, fi^ i, n, r-u (independently selected) 

= 0 or 1; 
o, p,z=0; R=PEG; 
j-m, ee (independently selected) = 0 to 2; 
v-y, gg (independently selected) = 1, when j-m 

(independently selected) is 2; 



FIG. 31 G 
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FSHa ^ ^ 

▼ T 



H 2 N COOH 

2 52 78 



A A 
FSHp* | | 

H 9 N — COOH 

2 7 24 



l^uc)i _/[[GlcNAcKGal)J e -(Sia) r (R) v 

'i / ^[[GlcNAc^GalVlf - (Sia^- (R)J 

A< -GlcNAc-GlcNAc-Man ^ L ^ M v * v *" J ' 

^ ([GlcNAc^Gal)^- (Sia) m - (R^] 

a-d, i, q-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 100. 
v-y=0; 

R = modifying group, mannose, oligo-mannose. 



FIG. 32A 
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CHO, BHK, 293 cells, Vera expressed FSH. 
a-d, i-m, q-u (independently selected) = 0 or 1 ; 
e-h= 1; v-y = 0. 

il.Sialidase 
2. CMP-SA-PEG (16 mol eq), 
ST3Gal3 



a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h=l; v-y (independently selected) = 1, 
when j-m (independently selected) is 1; 
R=PEG. 



FIG. 32B 



CHO, BHK, 293 cells, Vero expressed FSH. 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 

il. Sialidase 
2. CMP-SA-PEG (1.2 mol eq), 
ST3Gal3 
3. CMP-SA (16 mol eq), ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 0 or 1; 
R=PEG. 



FIG. 32C 
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NSO expressed FSEL 

a-d, i-m, q-u (independently selected) = 0or 1; 
e-h= 1; v-y = 0; 

Sia (independently selected) = Sia or Gal. 

1. Sialidase and a-galactosidase 

2. Galactosyltransferase, UDP-Gal 
t 3. CMP-SA-PEG, ST3Gall 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y (independently selected) = 1, 
when j-m (independently selected) is 1; 
R=PEG. 



FIG. 32D 



CHO, BHK, 293 cells, Vero expressed FSBL 
a-d, i-m, q-u (independently selected) = 0 or 1 ; 
e-h= 1; v-y=0. 

1. Sialidase 

2. CMP-SA-PEG (16 mol eq), 
ST3Gal3 

3. CMP-SA, ST3Gal3 

a-d, i-m, q-u (mdependentry selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 0 or 1; 
R=PEG. 



FIG. 32E 
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CHO, BHK, 293 cells, Vero expressed FSH. 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 



1. CMP-SA-levulinate, ST3Gal3, 
buffer, salt 
ir 2.H 4 N 2 -PEG 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y independently selected) = 0 or 1; 
R=PEG. 



FIG. 32F 



CHO, BHK, 293 cells, Vero expressed FSH. 
a-d, i-m, q-u (independently selected) - 0 or 1 ; 
e-h= 1; v-y=0. 

| l.CMP-SA,a2,8-ST 

a-d, i, q-u (independently selected) = 0 or 1 ; 
e-h = 1; j-m (independently selected) = 0-20; 
v-y (independently selected) = 0. 



FIG. 32G 
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Insect cell expressed FSH. 
a-d,£h,j-m,s,u,v-y = 0; 
e, g, i, q, r, t (independently selected) = 0 or 1. 

1. GNT's 1,2,4,5, UDP-GlcNAc 
I 2. Galactosyltransferase, UDP-Gal-PEG 

a-i, q-u (independently selected) = 0 or 1 ; 
j-m = 0; v-y (independently selected) = 1, 
when e-h (independently selected) is 1; 
R=PEG. 



FIG. 32H 



Yeast expressed FSH. 

a-m = 0; q-y (independently selected) = 0 to 1; 

P=i; 

R (branched or linear) = Man, oligomannose. 

11. Endoglycanase 
2. Galactosyltransferase, UDP-Gal 
3. CMP-SA-PEG, ST3Gal3 

a-m,p-y = 0; 

n (independently selected) =0orl; 
R' « -Gal-Sia-PEG. 



FIG. 321 
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CHO, BHK, 293 cells, Vero expressed FSH. 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 



1. CMP-SA-linker-SA-CMP, ST3Gal3 

2. ST3Gall, desialylated chorionic 



gonadrophin (CG) produced in CHO. 
3. CMP-SA, ST3Gal3, ST3Gall 



a-m, q-u (independently selected) = 0 or 1; 
p = l; n = 0; 

v-y (independently selected) = 0 or 1; 
R=linker-CG. 




FIG. 32J 
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HOOC. 




/([GlcNAc-(Gal)J e - (Sia^ - (R) v \ 

A — GlcNAc-GlcNAc-Man ^ft^^^^^U 

\.([GlcNAc-(Gal)J g - (Sia),- (R^ ) t 

^ [[CHcNAcKGal)^- (Sia) m - (R^ 

^SSa). ^ 
B ^alNAcKGalX^SiaVCR.^ 

a-d, i, n-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 4. 
j-m (independently selected) = 0 to 20. 
v-z = 0; 

R = modifying group, mannose, oligo-mannose. 



FIG. 33A 
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CHO, BHK, 293 cells, Vera expressed EPO 
a-g,n,q =1; h=l to 3; 
j-m, i, o, p (independently selected) = 0 or 1; 
r-u (independently selected) = 0 tol; v-z = 0 

il.Sialidase 
2. CMP-SA-PEG, ST3GaB 

a-g,n,q = 1; h= 1 to 3; 
i, o, p (independently selected) = 0 or 1; 
r-u (independently selected) = 0 or 1; 
j-m, v-y (independently selected) = 0 or 1; 
R=PEG; z=0. 



FIG. 33B 



Insect cell expressed EPO 
a-d, £ h, j-q, s, u, v-z = 0; 
e, g, i, r, t (independently selected) = 0 or 1. 



1. GNT's 1&2, UDP-GlcNAc 

2. Galactosyltransferase, UDP-Gal 
y r 2. CMP-SA-PEG, ST3Gal3 



b, d, f, h, k, m-q, s, u, w, y, z = 0; 

a, c, e, g, i, r, t (independently selected)= 0 or 1; 

j, 1, v, x (independently selected) = 0 or 1; 

R=PEG. 



FIG. 33C 
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CHO, BHK, 293 cells, Vero expressed EPO 
a-q, r-u (independently selected) = 0 or 1; 
v-z = 0. 

1. sialidase 

2. Galactosyltransferase, UDP-Gal 

3. CMP-SA, ST3Gal3 

, r 4. CMP-SA-PEG, ST3Gall 



a-h, n, q = 1 


i; 


i-m, o, r-u 


(independently selected) = 0 or 1; 


v-y = 0; p, 


z = 0or 1; R=PEG. 



FIG. 33D 



CHO, BHK, 293 cells, Vero expressed EPO 

a-g,n,q =1; h=lto3; 

j-m, i, o, p (independently selected) =0 or 1; 

r-u (independently selected) = 0 or 1; 

v-z = 0 

| 1. CMP-SA-PEG, ST3Gal3 

a-g,n,q =1; h=lto3; 
i, o, p (independently selected) = 0 or 1; 
r-u (independently selected) = 0 to 1; 
j-m, v-y (independently selected) = 0 or 1; 
R=PEG; z=0. 



FIG. 33E 
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Insect cell expressed EPO 
a-d, £ h, j-m, s, u, v-z = 0; 
e, g, i, r, t (independently selected) = 0 or 1. 

il. GNTs 1, 2 & 5, UDP-GlcNAc 
2. Galactosyltransferase, UDP-Gal-PEG 



a-c, e-g, n, q-t, v-x, z (independently selected) = 
Oorl; 

d, h, j-m, o, p, y, z = 0; R = PEG. 



FIG. 33F 



Insect cell expressed EPO 
a-d, £ h, j-q, s, u, v-z ■ 0; 
e,g,i,r, t (independently selected) = 0 or 1. 

I 1. GNT's 1, 2 & 5, UDP-GlcNAc 
| 2. Galactosidase (synfihetic enzyme), 
▼ PEG-Gal-F. 

a-c, e-g, n, q-t, v-x, z (independently selected) = 
Oorl; 

d, h, j-m, o, p, y, z = 0; R = PEG. 



FIG. 33G 
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NSO expressed NESP 

q = 1; a-i, n, r-u (independently selected) = 0 
or 1; j-m, o, p, v-z = 0 



il. CMP-SA-levulinate, ST3Gal3, 
buffer, salt 
__ ZH^-EBQ 

q = 1; a-i, j-n, r-y (independently selected) = 

Oor 1; 
o, p, z = 0; R=PEG. 



FIG. 33H 



CHO, BHK, 293 cells, Vero expressed NESP 
a-g,n,q = 1; h= 1 to 3; 
j-m, i, o, p (independently selected) = 0 or 1; 
r-u (independently selected) = 0 or 1; 
v-z = 0 



| 1. CMP-SA-PEG, a2,8-ST 



a-g,n,q =1; h=lto3; 




i, o, p (independently selected) 


= 0orl; 


r-u (independently selected) = 


Otol; 


j-m (independently selected) = 


0to2; 


v-y (independently selected) = 


1, 


when j-m (independently selected) is 2; 


R=PEG; z = 0. 





FIG. 331 
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CHO, BHK, 293 cells, Vero expressed NESP 
a-g,n,q =1; h=lto3; 
j-m, i, o, p (independently selected) = 0 or 1; 
r-u (independently selected) = 0 tol; v-z = 0 



| l.CMP-SA,poly-a2,8-ST 
a-g,n,q =1; h=lto3; 

i, j-m, o, p, r-u, (independently selected) = 0 or 1; 
v-z (independently selected) = 0-40; R=Sia. 



FIG- 33J 
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A A 



9 10 1 1 



H 2 N — * * COOH 

* * 24 34 



It 

B B 



-GlcNAc-GlcNAc-Man ^^^r^\-^X\ 

([GlcNAc-(Gal) J g - (Sia),- (R), \ 

^ [[GlcNAc-CGal)^- (Sia) m - (R)jJ 



B <] : GilNAc-(Gal) 11 -<Sia) p -^R)J aa 



a-d, i, n-u, aa (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 100. 
v-y = 0; R = polymer, glycoconjugate. 



FIG. 34A 
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CHO, BHK, 293 cells, Vero expressed GM-CSF. 
a-d, i-m, o-u, aa (independently selected) = 0 or 1; 
n, e-h = 1; v-z = 0. 



a-d, i-m, q-u, aa (independently selected) = 0 or 1 ; 

o,p,z =0; n, e-h= 1; 

v-y (independently selected) = 1, 

when j-m (independently selected) is 1; 
R = PBG. 



CHO, BHK, 293 cells, Vero expressed GM-CSF. 
a-d, i-m, o-u, aa (independently selected) -Oct 1; 
n, e-h= 1; v-z = 0. 



1. Sialidase 

2. CMP-SA-PEG (1.2 mol eq), 
ST3Gal3 

t 3. CMP-SA (16 mol eq), ST3Gal3 & 
ST3Gall 

a-d, i-m, p-u, aa (independently selected) = 0 or 1 ; 
o, z = 0; n, e-h= 1; 

v-y (independently selected) = 0 or 1; R = PEG. 




2. CMP-SA-PEG (16 mol eq), 
ST3Gal3 



1. Sialidase 



FIG. 34B 



FIG. 34C 
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NSO expressed GM-CSF. 

a-d, i-m, o-u, aa (independently selected) = 0or 1; 

n, e-h= 1; v-z = 0; 

Sia (independently selected) = Sia or Gal. 

il. Sialidase and a-galactosidase 
2. CMP-SA, ST3Gal3 
2. CMP-SA-PEG, ST3Gall 

a-d, i-m, p-u, z, aa (independently selected) = 0 or 1; 
n,e-h=l; o, v-y=0; z= 1, wnenp= 1; R=PEG. 



FIG. 34D 



CHO, BHK, 293 cells, Vero expressed GM-CSF. 
a-d, i-m, o-u, aa independently selected) = 0 or 1 ; 
n, e-h= 1; v-z = 0. 

il. Sialidase 
2. CMP-SA-PEG (16 mol eq), 
ST3Gal3 
3. CMP-SA, ST3Gal3 

a-d, i-m, q-y, aa (independently selected) = 0 or 1; 
o,p, z =0; n,e-h=l; R=PEG. 



FIG. 34E 
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CHO, BHK, 293 cells, Vero expressed GM-CSF. 
a-d, i-m, o-u, aa (independently selected) = 0 or 1 ; 
n, e-h= 1; v-z = 0. 



1. CMP-SA-levulinate, ST3Gal3, 
buffer, salt 
, r 2.HjN 2 -PEG 



a-d, i-m, c-y, aa (independently selected) = 0 or 1; 
z =0; n,e-h = l; R=PEG. 



FIG. 34F 



CHO, BHK, 293 cells, Vero expressed GMCSF. 
a-d, inn, o-u, aa (independently selected) = 0 or 1 ; 
n, e-h= 1; v-z=0. 



| 1. CMP-SA, a2,8-ST 

a-d, i, o-u, aa (independently selected) = 0 or 1; 
n, e-h = 1; j-m (independently selected) = 0-20; 
v-z (independently selected) - 0. 



FIG. 34G 
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H 2 N 



A A 
9l0 i i 



ft 
B B 



24 34 



COOH 



r 



r 

(Fuc),. 



A4<51cNAe^GlcNAc-Man 



/([Gl<^A(K<3al)J e -(Sia) r (R) v 
/^([GlcNAcKCSalU-CSiaX- (R) w ] 8 
\^/(tGfcNAiKC5al)J g - (Sia),- <R) X \ 
^ ([GlcNAc-(Gal) J h - (SiaV 



jl/q 



bb 



B ^imAoKGal^SiaVCR)^ 



a-d, i, n-u, aa,bb, cc (independently selected) = 0 or 1. 

e-h (independently selected) = 0 to 6. 

j-m (independently selected) = 0 to 100. 

v-y = 0; R = modifying group, mannose, oligo-mannose. 

R - H, glycosyl residue, modifying group, glycoconjugate. 



FIG. 34H 
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Insect cell expressed GM-CSF. 
a-d, f, h, j-m, o, p, s, u, v-z = 0; 
e, g, i, n, q, r, t, aa (independently selected) = 0 or 1 . 



1. GNT's 1,2,4,5, UDP-GlcNAc 
, ■ 2. Galactosyltransferase, UDP-Gal-PEG 



a-i, n, q-u (independently selected) - 0 or 1; 
j-m = 0; v-y (independently selected) = 1, 
when e-h (independently selected) is 1; 
R=PEG. 



FIG. 341 



Yeast expressed GM-CSF. 
a-p, z, ec = 0; 

q-y, aa (independently selected) = 0 to 1 ; 

bb= 1; R (branched or linear) = Man, oligomannose; 

GalNAc— Man. 



1. Endoglycanase 

2. mannosidase (if aa = 1). 

3. Galactosyltransferase, UDP-Gal-PEG 



a-p, r-z, aa, bb = 0; 

q, cc (independently selected) — 0 or 1 ; 
R' = -Gal-PEG. 



FIG. 34J 
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CHO, BHK, 293 cells, Vera expressed GM-CSF. 
a-m, o-u, aa, bb (independently selected) = 0 or 1; 
n, v-z, cc = 0. 



il. sialidase 
2. CMP-SA, ST3GaB 
2. CMP-SA-linker-SA-CMP, ST3Gall 
3. ST3Gal3, transferrin 

a-m, p-u, z, aa (independently selected) = 0 or 1; 
o, v-y, cc = 0; bb, n= 1; R= transferrirL 



FIG. 34K 
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a-d, i, q-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 100. 
v-y = 0; R = polymer. 



FIG. 35A 
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CHO, BHK, 293 cells, Vera expressed IP-gamma, 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h=l; v-y = 0. 

il. Sialidase 
2. CMP-SA-PEG (16 mol eq), 
ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y (independently selected) = 1, 
when j-m (independently selected) is 1; 
R = PEG. 



FIG. 35B 



CHO, BHK, 293 cells, Vero expressed IF-gamma 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y=0. 

il. Sialidase 
2. CMP-SA-PEG (1.2 mol eq), 
ST3Gal3 
3. CMP-SA (16 mol eq), ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y (independently selected) = 0 or 1; 
R = PEG. 



FIG. 35C 
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NSO expressed Interferon gamma. 

a-d, i-m, q-u (independently selected) = 0 or 1; 

e-h=l; v-y = 0; 

Sia (independently selected) = Siaor Gal. 

I 1. Sialidase and a-galactosidase 

2. a-Galactosyltransferase, UDP-Gal 
I 3. CMP-SA-PEG, ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 1, 
when j-m (independently selected) is 1; 
R=PEG. 



FIG. 35D 



CHO, BHK, 293 cells, Vera expressed 

Interferon gamma, 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 

il. Sialidase 
2. CMP-SA-PEG (16 mol eq), 
ST3Gal3 
3. CMP-SA, ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 0 or 1; 
R = PEG. 



FIG. 35E 
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CHO, BHK, 293 cells. Vera expressed 

Interferon ganuPB. 
a-d, i-m, q-u independently selected) = 0 or 1; 
e-h=l; v-y = 0. 

il. CMP-SA-levulinate, ST3Gal3, 
2. H^Nj-PBG 



a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 0 or 1; 
R=PEG. * 



FIG. 35F 



CHO, BHK, 293 cells, Vero expressed 

Interferon gamma, 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h=l; v-y = 0. 

| 1. CMP-SA, o2,8-ST 

a-d, i, q-u (independently selected) = 0 or 1; 
e-h = 1; j-m independently selected) = 0-20; 
v-y independently selected) = 0. 



FIG. 35G 
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a-d, i,n,p-u (independently selected) = 0 or 1 . 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 100. 
v-y=0; 

R = modifying group, mannose, oligo-marmose; 
R' = H, glycosyl residue, modiiymg group, 
glycoconjugate. 

FIG. 35H 
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Insect or fungi cell expressed IF-gamma. 

a-d,$h,j-m,s,u,v-y = 0; 

e, g, i, q, r, t (independently selected) = 0 or 1. 

1. GENT's 1,2,4,5, UDP-GlcNAc 
I 2. Galactosyltransferase, UDP-Gal-PEG 



a-i, q-u (independently selected) = 0 or 1 ; 
j-m = 0; v-y (independently selected) = 1 , 
when e-h (independently selected) is 1 ; 
R=PEG. 



FIG. 351 



Yeast expressed IF-gamma. 

a-m = 0; q-y (independently selected) = 0 to 1; p = 1; 
R (branched or linear) - Man, oligomannose. 



11. Endoglycanase 
2. Galactosyltransferase, UDP-Gal 
3. CMP-SA-PEG, ST3Gal3 



a-m, p-y = 0; n (independently selected) = 0 or 1; 
R' = -Gal-Sia-PEG. 



FIG. 35J 



WO 03/031464 PCT/US02/32263 



127/345 



CHO, BHK, 293 cells, Vero expressed EF-gamma 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y=0. 

1. CMP-SA-linker-Gal-UDP, ST3Gal3 

2. Galactosyltransferase, transferrin treated 
\ with endogrycanase. 

a-m, q-u (independently selected) = 0 or 1; 
p = l; n = 0; 

v-y (independently selected) = 0 or 1; 
R=linker-transferrin. 



FIG. 35K 



CHO, BHK, 293 cells, Vero expressed 

Interferon gamma, 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h,p= 1; n, v-y = 0. 

11. CMP-SA-PEG, 
ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1 ; 
e-h,p = l; 

n, v-y (independently selected) = 0 or 1; 
R=PEG. 



FIG. 35L 
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Insect or fungi cell expressed IF-gamma. 

a-d, f, h, j-n, s, u, v-y = 0; 

e,g,i,q,r, t (independently selected) = 0 or 1. 

| l.C3NT , sl&2,UDP-GlcNAc-PEG 

a-d,t;h,j-n,s,u,w,y =0; 
e, g, i, r, t, q (independently selected) = 0 or 1; 
p = 1; v, x (independently selected) = 1, 
when e, g (independently selected) is 1; 
R=PEG. 



FIG. 35M 



CHO, BHK, 293 cells, Vero expressed 

Interferon gamma, 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= l; v-y-0. 

| 1. CMP-SA-PEG, o2,8-ST 



a-d, i, q-u (independently selected) = 0 or 1; 
e-h = 1; j-m (independently selected) = 0-2; 
v-y (independently selected) = 1, 

when j-m (independently selected) = 2; 
R=PEG. 



FIG. 35N 
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a-d, i, q-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 100. 
v-y = 0; R= polymer. 



FIG. 36A 
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CHO, BHK, 293 cells, Vera or transgenic animal 

expressed a, antitrypsin, 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 

1. Sialidase 

2. CMP-SA-PEG (16 mol eq), 

' [ ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 1, 
when j-m (independently selected) is 1; 
R = PEG. 



FIG. 36B 



CHO, BHK, 293 cells, Vero or transgenic 

animal expressed a t .antitrypsin, 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. ■ 

1. Sialidase 

2. CMP-SA-PEG (1.2 mol eq), 
ST3Gal3 

▼ 3. CMP-SA (16 mol eq), ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 0 or 1; 
R=PEG. 



FIG. 36C 
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NSO expressed a,-antitrypsiiL 

a-d, i-m, q-u (independently selected) = 0 or 1; 

e-h= i; v-y = 0; 

Sia (independently selected) = Sia or Gal. 

il. Sialidase and a-galactosidase 
2. a-Galactosyltransferase, UDP-Gal 
3. CMP-SA-PEG, ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h=l; 

v-y (independently selected) = 1, 

when j-m (independently selected) is 1; 
R=PEG. 



FIG. 36D 



CHO, BHK, 293 cells, Veto or transgenic animal 

expressed alpha- 1 antitrypsin, 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 

1. Sialidase 

2. CMP-SA-PEG (16 mol eq), 
ST3Gal3 

v 3. CMP-SA, ST3Gal3 

a-d, i-m, q-u (independently selected) - 0 or 1; 
e-h = 1; v-y (independently selected) = 0 or 1; 
R=PEG. 



FIG. 36E 
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CHO, BHK, 293 cells, Vero or transgenic animal 

expressed a j -antitrypsin 
a-d, i-m, q-u (independently selected) = 0 or 1 ; 
e-h = 1; v-y = 0. 

I 1. CMP-SA-levulinate, ST3Gal3, 

buffer, salt 
+ 2.H 4 N 2 -PEG 

a-d, i-m, q-u (independently selected) = 0 or 1 ; 
e-h = 1; v-y (independently selected) = 0 or 1; 
R=PEG. 



FIG. 36F 



CHO, BHK, 293 cells, Vero expressed ^-antitrypsin, 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 

| l.CMP-SA,oc2,8-ST 

a-d, i, q-u (independently selected) = 0 or 1; e-h = 1; 
j-m (independently selected) = 0-20; 
v-y (independently selected) = 0. 



FIG. 36G 
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a-d, i, n, p-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 100. 
v-y=0; 

R = modifying group, mannose, oligo-mannose; 

R' = H, glycosyl residue, modifying group, glycoconjugate. 



FIG. 36H 
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Insect or fungi cell expressed c^-antitrypsin. 

a-d, £ h, j-m, s, n, v-y = 0; 

e, g, i, q, r, t (independently selected) = 0 or 1. 

1. GNT's 1,2,4,5, UDP-GlcNAc 

2. Galactosyltransferase, UDP-Gal-PEG 



a-i, q-u (independently selected) = 0 or 1; j-m = 0; 
v-y (independently selected) = 1, 

when e-h (independently selected) is 1; 
R=PEG. 



FIG. 361 



Yeast expressed a r antitrypsin. 

a-m = 0; q-y (mdependently selected) = 0 to 1; 

p = 1; R (branched or linear) = Man, oligomannose. 



11. Endogrycanase 
2. Galactosyltransferase, UDP-Gal 
3. CMP-SA-PEG, ST3Gal3 

a-m, p-y = 0; n (independently selected) = 0 or 1; 
R' = -<3al-Sia-PEG. 



FIG. 36J 
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CHO, BHK, 293 cells, Vero expressed ^-antitrypsin, 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 

, 1. CMP-SA-lmfcer-Gal-UDP, 
ST3GaB 



2. Galactosyltransferase, transferrin treated 



_ with endogrycanase 

a-m, q-u (independently selected) = 0 or 1; 
P = l; n = 0; 

v-y (independently selected) = 0 or 1; 
R = Imker-transferrin. 



FIG. 36K 
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a-d, i, n-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 4. 
j-m (independently selected) - 0 to 20. 
R= polymer; 

R\ R" (independently selected) = sugar, gfycoconjugate. 



FIG. 36L 
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Yeast expressed alpha- 1 antitrypsin, 
a-h, i-m, p, q = 0; 

R (independently selected) = mannose, oligomannose, 
polymannose; 

r-u, v-y (independently selected) = 0 or 1; n, o= 1. 



I 1. endoglycanase 

I 2. Galactosyltransferase, UDP-Gal-PEG 



a-h, i-o, q, r-u, v-y = 0; p = 1. 
R" = Gal-PEG. 



FIG. 36M 



Plant expressed ahpha-1 antitrypsin. 


a-d, fj h, j- m, s, u , v-y = 0; 


e, g, i, q, r, t (independently selected) = 0 or 1; 


n=l 


L; R'= xylose 




1. hexosaminidase, 




2. alpha mannosidase and xylosidase 




r 3. GlcNAc transferase, UDP-GlcNAc-PEG 


a-d, f, h, j-n, s, n , v-y = 0; 


e,g, i, r, t (independently selected) = 0; 


q = 


1; R' = GlcNAc-PEG. 



FIG. 36N 
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CHO, BHK, 293 cells, Vero, transgenic animal 


expressed a t antitrypsin. 




a-h, i-o, r-u (independently selected) = 


Oorl; 


P,q,v-y=0. 




j 1. CMP-SA-PEG, 




! ST3Gal3 




a-h, i-o, r-u (independently selected) = 


Oorl; 


p, q = 0; v-y (independently selected) 


= 0or 1; 


R = PEG. 





FIG. 360 
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a-d, i, q-u (independently selected) =0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 100. 
v-y = 0; R= polymer. 



FIG. 37A 
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CHO, BHK, 293 cells, Vero expressed Cerezyme 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 



il. Sialidase 
2. CMP-SA-PEG (16 mol eq), 
ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y (independently selected) = 1, 
when j-m (independently selected) is 1; 
R=PEG. 



FIG. 37B 



CHO, BHK, 293 cells, Vero expressed Cerezyme. 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 

. 1. Sialidase 

2. CMP-SA-M-6-P (1.2 mol eq), 
I ST3Gal3 

▼ 3.CMP-SA(16moleq),ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 0 or 1; 
R = mannose-6-phosphate 



FIG. 37C 
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NSO expressed Cerezyme. 

a-d, i-m, q-u (independently selected) = 0 or 1; 

e-h= 1; v-y=0; 

Sia (independently selected) = Sia or GaL 

I 1. Sialidase and a-galactosidase 

2. a-Galactosyltransferase, UDP-Gal 
i 3. CMP-SA-M-6-P, ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 1, 
when j-m (independently selected) is 1; 
R= mannose-6 phosphate 



FIG. 37D 



CHO, BHK, 293 cells, Vera expressed Cerezyme. 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 

il. Sialidase 
2. CMP-SA-PEG (16 mol eq), 
ST3Gal3 
3. CMP-SA, ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 0 or 1; 
R = Mannose-6-phosphate 



FIG. 37E 
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CHO, BHK, 293 cells, Vero expressed Cerezyme. 
a-d, i-m, q-u (independently selected) = 0 or 1 ; 
e-h= 1; v-y = 0. 



il. CMP-SA-levulinate, ST3Gal3, 
buffer, salt 
2. H 4 N 2 -spacer-M-6-P or clustered M-6-P 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y (independently selected) = 0 or 1 ; 
R = M-6-P or clustered M-6-P 



CHO, BHK, 293 cells, Vero expressed Cerezyme. 
a-d, i-m, q-u (independently selected) = 0 or 1 ; 
e-h=l; v-y = 0. 



a-d, i, q-u (independently selected) = 0 or 1; 
e-h = 1; j-m (independently selected) = 0-20; . 
v-y (independently selected) = 0. 



FIG. 37F 




FIG. 37G 
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a-d, i, n, p-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 100. 
v-y=0; 

R = modifying group, mannose, oligo-mannose; 
R' = H, grycosyl residue, modifying group, 
glycoconjugate. 



FIG. 37H 
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Insect cell expressed Cerezyme. 

a-d, f, hj-m, s, u, v-y - 0; 

e,g,i,q,r, t (independently selected) = 0 or 1. 



il. GNT's 1 ,2,4,5, UDP-GlcNAc 
2. Galactosyltransferase, UDP-Gal-PEG 



a-i, q-u (independently selected) = 0 or 1; 
j-m=0; 

v-y (independently selected) = 1, 

when e-h (independently selected) is 1; 
R=PEG. 



FIG. 371 



Yeast expressed Cerezyme. 

a-m = 0; q-y (independently selected) = 0 to 1; 

p = 1; R (branched or linear) = Man, oligomannose. 



11. Endogrycanase 
2. Galactosyltransferase, UDP-Gal 
3. CMP-SA-PEG, ST3Gal3 

a-m, p-y = 0; n (independently selected) =0 or 1; 
R'=-Gal-Sia-PEG. 



FIG. 37J 
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CHO, BHK, 293 cells, Vero expressed Cerezyme. 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 

I 1. CMP-SA-lmlcer-SA-CMP, 
1 ST3Gal3 

1 2. ST3GaB, desialylated transferrin. 

3. CMP-SA, ST3Gal3 

a-m, q-u (independently selected) = 0 or 1; 

p=l; n = 0; v-y (independently selected) = 0 or 1; 

R = linker-transferruL 



FIG. 37K 
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a-d, i, n-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 4. 
j-m (independently selected) = 0 to 20. 
R = polymer, R' = sugar, glycoconjugate. 



FIG. 38A 
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CHO, BHK, 293 cells, Vero expressed tPA 

a-g,n = 1; h= 1 to3; 

j-m, i, (independently selected) = 0 or 1; 

r-u (independently selected) =0 to 1; o, v-y = 0. 



1. Mannosidase(s), sialidase 

2. GNT1,2 (4 and/or 5) UDP-GlcNAc 

3. Gal transferase, UDP-Gal 
v 4. CMP-SA-PEG, ST3Gal3 



A=B; a-g,n = l; h=lto3; 

i, r-u (independently selected) = 0 or 1; 

o = 0; j-m, v-y (independently selected) = 0 or 1; 

R=PEG 



FIG. 38B 



Insect or fungi cell expressed tPA 
A=B; a-d, t;h,j-o,s,u,v-y=0; 
e, g, i, n, r, t (independently selected) = 0 or 1. 

I 1. GNT's 1&2, UDP-GlcNAc 

2. Galactosyltransferase, UDP-Gal 
1 3. CMP-SA-PEG, ST3GaB 

A=B; b,d, h, k,m,o,8,u,w,y = 0; 

a, c, e, g, i, r, t (independently selected) =0 or 1; 

n= 1; j, 1, v, x Cmdependently selected) = 0 or 1 ; 

R=PEG. 



FIG. 38C 
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Yeast expressed tPA 


B = 


= A; i =0. 




1. endoglycanase 




2. Galactosyltransferase, 


i 


r UDP-Gal-PEG 


A 


= B; a-n, r-y = 0; o = 1; R' = Gal-PEG. 



FIG. 38D 



Insect or fungi cell expressed tPA 
A=B; a-d,£h,j-o,s,u,v-y=0; 
e, g, i, n, r, independently selected) = 0 or 1. 



1. alpha and beta mannosidases 

2. Galactosyltransferase, UDP-Gal-PEG 



A = B; a-n, r-y = 0; o = l; R' = Gal-PEG. 



FIG. 38E 
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Insect or fungi cell expressed tP A 
A = B; a-d,^h,j-o,s,u,v-y = 0; 
e,g,i,n»r, t (independently selected) = 0 or L 



i 



1. GNT's 1&2, UDP-GlcNAc 

2. Galactosyltransferase, UDP-Gal-PEG 



A=B; b,d,H j-o,s,u,w,y=0; 

a,c,e,g, i, r, t, v,x(mdependently selected)= 0 or 1; 

n=l; R=PEG. 



FIG. 38F 



Insect or fungi cell expressed tPA 
A=B; a-d,£h,j-o,s,u,v-y=0; 
e,g,i,n,r, t (independently selected) = 0 or 1 . 



1. GNT's 1 & 2, UDP-GlcNAc 

2. Galactosidase (syntiietic enzyme), 
PEG-Gal-F. 



A=B; b,d, f, h, j-o, s,u,w,y=0; 

a,c,e,g, i, r, t, v, x (independently selected^ 0 or 1; 

n=l; R=PEG. 



FIG. 38G 
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(Fuc)j 



f /[[GlcNAc-CGalU-CSiaVCRX)^ 
./^[[GlcNAc-(Gal)J f -(Sia) k - (R) w ] e 



B^-GlcNAc-GlcNAc-Man ^^^.^.^ j 

(R')J ^\ fr„ 



([GlcNAcKGalU- (Sia) m - (R)J 



(Fuc>, 



r 



A -4— GlcNAc-GlcNAo Man 



I 



Man— [Man]^ 



\ / [ManJ^e 
Man 

^[Man]^ 



a-d, i, n-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 4. 
j-m (independently selected) = 0 to 20. 
R= polymer, R' = sugar, glycoconjugate. 



FIG. 38H 
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NSO expressed tPA 


A = B; a-m, r-u (independently selected) = 0 or 1; 


n=l; o,p,q,v-y=0 




1. sialidase, alpha-galactosidase 




2. CMP-SA-levulinate, ST3Gal3, 







A = B; a-m, r-y (independently selected) — 0 or 1; 

n=l; o,p,q=0; 

v-y (independently selected) = 1, 

when j-m (independently selected) is 1; 
R=PEG. 



FIG. 381 



CHO, BHK, 293 cells, Vero expressed tPA . 

a-g,n,p =1; h=lto3; 

j-m, i, (todependenuy selected) = 0 or 1; 

r-u (independently selected) = 0 to 1; q,o,v-y=0. 



1. alpha and beta Mannosidases 

2. CMP-SA, ST3Gal3 

ir 3. Galactosyltransferase, UDP-Gal-PEG 



a-g,n=l; h=lto3; 

i, r-u (independently selected) = 0 or 1; o = 1; 

q, p, v-y = 0; j-m (independently selected) = 0 or 1; 

R' = Gal-PEG 



FIG. 38J 
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Plant expressed tPA 
A=B; a-d,fjh,j-m,s,u, v-y=0; 
e, g, i, q, r, t (independently selected) = 0 or 1; 
n=l; R' = xylose 



1. hexosaminidase, 

2. alpha mannosidase and 

xylosidase 

3. GlcNAc transferase, UDP- 

▼ GlcNAc-PEG 

A=B; a-d,£h,j-n,s,u,v-y = 0; 
e,g, i, r, t (independently selected) = 0; 
q =1; R' = GlcNAc-PEG. 



FIG. 38K 
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OPuc) _ /([GlcNAiKGal)J e . (Sia) r <R) V ^ 

' \^/([GlcNAc-(Gal)J g - (Sia),- (R) x ] t 

x ([GlcNAc-(Gal)A- (Sia) m - (R)J 



a-d, i, q-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 100. 
v-y = 0; R= polymer. 



FIG. 38L 
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CHO, BHK, 293 cells, Vera expressed TNK tPA 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h=l; v-y = 0. 



il. Sialidase 
2. CMP-SA-PEG (16 mol eq), 
ST3Gal3 



a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 1, 
when j-m (independently selected) is 1; 
R=PEG. 



FIG. 38M 



CHO, BHK, 293 cells, Vera expressed TNK tPA 
a-d, i-m, q-u (independendy selected) = 0 or 1; 
e-h= 1; v-y = 0. 



I 1. Sialidase 

2. CMP-SA-PEG (1.2 mol eq), 
I ST3Gal3 

3. CMP-SA (16 mol eq), ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 0 or 1; 
R=PEG. * 



FIG. 38N 
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NSO expressed TNK tPA 

a-d, i-m, q-u (independently selected) = 0 or 1; ' 

e-h= 1; v-y=0; 

Sia (independently selected) = Sia or Gal. 

I 1. Sialidase and a-galactosidase 

2. Galactosyltransferase, UDP-Gal 
I 3. CMP-SA-PEG, ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; y-y (independently selected) = 1, 
when j-m (independently selected) is 1; 
R = PEG. 



FIG. 380 
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CHO, BHK, 293 cells, Vero expressed TNK tPA 
a-d, i-m, q-u (independently selected) =0 or 1; 
e-h= 1; v-y = 0. 

1. Sialidase 

2. CMP-SA-PEG (16 mol eq), 
ST3Gal3 

3. CMP-SA, ST3GaB 



a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y (independently selected) = 0 or 1; 
R = PEG. 



FIG. 38Q 



CHO, BHK, 293 cells, Vero expressed TNK tPA 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h=l; v-y=0. 






1. CW-SA-levulinate, ST3Gal3, 
buffer, salt 
r 2.H 4 N 2 -PEG 




a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h=l; v-y (independently selected) = 0 or 1; 
R=PEG. 



FIG. 38R 
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CHO, BHK, 293 cells, Vera expressed TNKtPA 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y=0. 



I 



l.CMP-SA,a2,8-ST 



a-d, i, q-u (independently selected) = 0 or 1; 
e-h = 1; j-m (independently selected) = 0-20; 
v-y (independently selected) = 0. 



FIG. 38S 
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r 



r 



^ ^ N^/ftGlcNAc-CGal^^SiaX-CR), ) t 

^ ([GlcNAc^GalU- (Sia) m - (R) y ) n 



(R*)n 



> 



3/q 



a-d, i, n-y (independently selected) = 0 or 1 . 

e-h (independently selected) = 0 to 6. 

j-m (independently selected) = 0 to 100. 

R = modifying group, mannose, oligo-mannose; 

R'=H, glycosyl residue, modifying group, glycoconjugate. 

R" = glycosyl residue. 



FIG. 38T 
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Insect cell expressed TNK tPA 

a-d,£h,j-m,s,u,v-y = 0; 

e,g,i,q,r, t (independently selected) ^ 0 or 1 . 



I 



1. GNT's 1,2,4,5, UDP-GlcNAc 

2. Galactosyltransferase, UDP-Gal-PEG 



a-i, q-u (independently selected) = 0 ox 1; 
j-m = 0; v-y (independently selected) = 1, 

when e-h (independently selected) is 1; 
R = PEG. 



FIG. 38U 



Yeast expressed TNK tPA 

a-m = 0; q-y (independently selected) =0 to 1; p = 1; 
R (branched or linear) = Man, oligomannose. 



1 



1. Endoglycanase 

2. Galactosyltransferase, UDP-Gal-PEG 



a-m, p-y = 0; n (independently selected) =0 or 1; 
R' = -Gal-PEG. 



FIG. 38V 
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CHO, BHK, 293 cells, Veto expressed TNK tPA 
a-d, i-m, q-u (independently selected) =0 or 1; 
e-h= 1; v-y = 0. 



| 1. CMP-SA-lh^-Gal-UDP, 
ST3C3al3 

I 2. Galactosyltransferase, anti-TNF 
IG chimera produced in CHO. 

a-m, r-u (independently selected) = 0 or 1; p, q =1; 

n = 0; v-y (independently selected) = 0 or 1; 

R = linker-anti-TNF IG chimera protein. 



FIG. 38W 
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a-c, e (independently selected) = 0 or 1 ; 
d = 0; 

R = modifying group, mannose, oligo- 
mannose. 

FIG. 39A 
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CHO, BHK, 293 cells, Vero expressed IL-2 
a-c, e (independently selected) = 0 or 1; d = 0 



1. Sialidase 

2. CMP-SA-PEG, ST3Gall 



a-d, e. (independ 


ently selected) = 0 or 1 ; 


R=PEG. 





FIG. 39B 



Insect cell expressed IL-2 

a, e (independently selected) = 0 or 1; 

b, c,d=0. 

1 . Galactosyltransferase, UDP-Gal 
I 2. CMP-SA-PEG, ST3Gall 



a, c, d, e (independently selected) = 0 or 1; 
R=PEG. 



FIG. 39C 
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E. coli expressed TL-2 


a-e = 


= 0. 




1. GalNAc Transferase, UDP-GalNAc 




2. CMP-SA-PEG, sialyltransferase 

r 


c, d, e (independently selected) = 0 or 1; 


a,b : 


= 0;R=PEG. 



FIG. 39D 



NSO expressed TL-2 


a, e (independently selected) = 0 or 1; 


b,c,d 


= 0 




1. GMP-SA-levulinate, ST3Gall 




2. H^-PEG 


a, c, d, e (independently selected) = 0 or 1; 


b = 0; 


R=PEG. 



FIG. 39E 
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E. coli expressed IL-2 
a-e = 0. 



1. Endo-GalNAc-osamtni dase 
(synthetic enzyme), 
PEG-Gal-GalNAc-F 



a,d,e=l;b,c = 0; 
R=PEG. 



FIG. 39F 



E. coli expressed IL-2 


a-e = 


0. 




1. GalNAc Transferase, 




UDP-GalNAc-PEG 




r 


<U = 


= 0 or 1; a,-c = 0; 


R=PEG. 



FIG. 39G 
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2 peptides 

A and A' - N-linked sites 
B - O-linked sites 



r 

(FucX 



A+ -GlcNAc-GlcNAc-Man 



/([GlcNA<KGal)J e - (Sia) r <R) V 
/^([GlcNAc^GalU-CSia),- (R^ 



[[GlcNAc-(Gal) J g - (Sia),- <R) K \ 
^ ([GicNAc-(Gal)J h - (Sia) m - (fy) 



XSia) 0 . 
B ^5^AcKGd) n <SiaV (R) z J q 



(Fuc)i 

AV -GlcNAc-GlcNAc 



I 

(R')„ 



^~ . Man— [Man]^ 



\ 



Man 



IManU 



Alternate structure 
for some N-linked 
structures of A 



a-d, i, n-u (independently selected) = 0 or 1. 
aa, bb (independently selected) = 0 or 1 . 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 20. 
v-z = 0; R = polymer, glycoconjugate. 



FIG. 40A 
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CHO, BHK, 293s cells, Vera, MDCK, HEKCc 


expressed 


Factor VUL 




e-h = 1 to 4; 




aa, bb, a-d, j-m, i, n-u (independently selected) = 


= 0orl; 


v-z = 0. 




1. Sialidase 




t 2.CMP-SA-PEG,ST3Gal3 




e-h= 1 to 4; 




aa,bb, a-d, i, n, q-u (independently selected) 


= 0 or 1; 


o, p, z = 0; j-m, v-y (independently selected) = 


Oor 1; 


R=PEG. 





FIG. 40B 



CHO, BHK, 293S cells, Vero, MDCK, 293S, HEKC 

expressed Factor VIH 
e-h =1 to 4; 

aa, bb, a-d, j-m, i, n-u (independently selected) = 0 or 1; 
v-z = 0. 



il. Sialidase 
2. CMP-SA-PEG, ST3Gal3 
3.ST3Gall,CMP-SA 

e-h =1 to 4; 

aa,bb, a-d, i, n, p-u (independently selected) = 0 or 1; 
o, z = 0; j-m, v-y (independently selected) = 0 or 1; 
R = PEG. 



FIG. 40C 
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CHO, BHK, 293s cells, Vero, MDCK, HEKC 

expressed Factor VEL 
e-h=l to4; 

aa, bb, a-d, j-m, i, n-u (independently selected)=0 or 1; 
v-z = 0. 



| 1. CMP-SA-PEG, ST3Gal3 



e-h=lto4; 

aa, bb, a-d, i, n-u (independently selected) = 0 or 1; 
z = 0; j-m, v-y (independently selected) = 0 or 1 ; 
R=PEG. 



FIG. 40D 



CHO, BHK, 293S cells, Vero, MDCK, HEKC 

expressed Factor VUL 
e-h=lto4; 

aa, bb, a-d, j-m, i, n-u independently selected) 0 or 1; 
v-z = 0. 

| 1. CMP-SA-PEG, ST3Gall 



e-h= 1 to 4; 

aa, bb, a-d, i, n-u (independently selected) = 0 or 1; 
z = 0; j-m, v-y (independently selected) = 0 or 1; 
R=PEG. 



FIG. 40E 
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OHO, BHK, 293S cells, Vero, MDCK, HEKC 

expressed Factor VIH. 
e-h= 1 to 4; 

aa, bb, a-d, j-m, i, n-u (independently selected)=0 or 1; 
v-z=0. 



1 1. CMP-SA-PEG, a2,8-ST 
e-h= 1 to 4; 

aa, bb, a-d, i, n-y (independently selected) = 0 or 1; 
z=0; j-m (independently selected) = 0 to 2; 
v-y (independently selected) = 1, 
when j-m (independently selected) is 2; 
R=PEG. 



FIG. 40F 
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2 peptides 

A or A' - N-linked sites 
B- O-linked sites 



r 

(FucX 



r 



A« ~GlcNAcAjlcNAc-Man 



^GlcNAc^J.-CSiaVCRX ^ 
/^([GlcNAc-CGalU-CSia),- <R) w ) s 
\^/{[GlcNAc-(Gal)J g - (Sia),- (R) x \ 
^ ([GlcNAcKGal)^- (Sia) m - (R\) 



>- 



B ^GtelNAc-CGal^SiaV (R) J 



cc 



AV-Gi 




Man— [Man]o. 2 



lcNAc-Man 

\ / [Man]^ 

Man _ 



Alternate structure 
for some N-linked 
structures of A. 



cc 



a-d, i, n-u, (independently selected) = 0 or 1 . 
aa, bb, cc, dd (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 20. 
v-z = 0; 

R = modifying group, mamiose, oligo-mannose. 
R* = H, glycosyl residue, modifying group, 
glycoconjugate. 



FIG. 40G 
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CHO, BHK, 293S cells, Vero, MDCK, HEKC 

expressed Factor VIII. 
e-h= 1 to 4; 

aa, bb, cc, a-d, j-m, i, n-u (independently selected) = 0 or 1; 
dd, v-z = 0. 



il. OMP-SA-levulinate, ST3Gal3, 
2.H 4 N 2 -PEG 

e-h = 1 to 4; 

aa, bb, cc, a-d, i, n-u (independently selected) = 0 or 1; 
dd, z = 0; j-m, v-y (independently selected) = 0 or 1; 
R = PEG. 



FIG. 40H 



CHO, BHK, 293S cells, Vero, MDCK, HEKC 

expressed Factor VUL 
e-h =1 to 4; 

aa, bb, cc, a-d, j-m, i, n-u (independently selected) = 0 or 1; 
dd, v-z=0. 



1. endo-H 

2. galactosyltransferase, UDP-Gal-PEG 



e-h = 1 to 4; 

aa, bb, dd, a-d, i, j-u (independently selected) = 0 or 1; 
cc, v-z = 0; R' = -Gal-PEG. 



FIG. 401 
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CHO, BHK, 293S cells, Vera, MDCK, HEKC 

expressed Factor VEL 
e-h = 1 to 4; 

aa, bb, cc, a-d, j-m, i, n-u (independently selected) = 0 or 1; 
dd, v-z = 0. 

I 1. ST3Gal3, CMP-SA 
1 2. endo-H 

3. galactosyltransferase, UDP-Gal-PEG 

e-h=lto4; 

aa, bb, dd, a-d, i, j-u (independently selected) = 0 or 1; 
cc, v-z = 0; R' = -Gal-PEG. . 

FIG. 40J 



CHO, BHK, 293S cells, Vera, MDCK, HEKC 

expressed Factor VHL 
e-h =1 to 4; 

aa, bb, cc, a-d, j-m, i, n-u (independently selected) = 0 or 1; 
dd, v-z = 0. 



il. marmosidases 
2. GNT 1 &2,UDP-GlcNAc 
3. galactosyltransferase, UDP-Gal-PEG 

e-h = 1 to 4; 

aa, a-d, i, j-y (independently selected) = 0 or 1; 
bb, cc, dd, z = 0; R = PEG. 



FIG. 40K 
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CHO, BHK, 293S cells, Vero, MDCK, HEKC 

expressed Factor VUL 
e-h=lto4; 

aa, bb, cc, a-d, j-m, i, n-u (independently selected) = 0 or 1; 
dd, v-z = 0. 

1. mannosidases 
I 2. GNT-1 X 4 & 5; UDP-GlcNAc 
\ 3. galactosyltransferase, UDP-Gal 

4. ST3Gal3, CMP-SA 

e-h=lto4; 

aa, bb, cc, a-d, i, j-q (independently selected) = 0 or 1; 
dd, v-z = 0. 



FIG. 40L 



CHO, BHK, 293S cells, Vero, MDCK, HEKC 

expressed Factor VBL 
e-h=lto4; 

aa, bb, cc, a-d, j-m, i, n-u (independently selected) = 0 or 1; 
dd, v-z = 0. 

il. mannosidases 
2. GNT-1, UDP-GlcNAc-PEG 



e-h=0to4; 

aa, a-d, i, j-y (mdependently selected) = 0 or 1; 
bb, cc, dd, z = 0. 



FIG. 40M 
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H 2 N COOH 



302 



fcx /([GlcNAc-(Gal)J c . (Sia) r (R) v 

A^lcNAc^^^ 

\^([GlcNAc-(Gal)J g - (Sia),- (R) x ) t 

^ ^ [[GlcNAcKGal)^- (Sia)^ (R^ 



a-d, i, q-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 100. 
v-y = 0; R = polymer. 



FIG. 41 A 
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CHO, BHK, 293 cells, Vero expressed Urokinase, 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 



1. Sialidase 

2. CMP-SA-PEG (16 mol eq), 
ST3Gal3 



a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 1, 
when j-m (independently selected) is 1; 
R=PEG. 



FIG. 41 B 



CHO, BHK, 293 cells, Vero expressed Urokinase, 
a-d, i-m, q-u (independently selected) — 0 or 1; 
e-h= 1; v-y = 0. 

11. Sialidase 
2. CMP-SA-PEG (1.2 mol eq), 
ST3Gal3 
3. CMP-SA (16 mol eq), ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 0 or 1; 
R = PEG. 



FIG. 41 C 
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NSO expressed Urokinase. 

a-d, i-m, q-u (independently selected) = 0 or 1; 

e-h= 1; v-y=0; 

Sia (independently selected) = Sia or Gal. 

il. Sialidase and a-galactosidase 
2. a-Galactosyltransferase, UDP-Gal 
3. CMP-SA-PEG, ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1 ; v-y (independently selected) =1, 
when j-m (independently selected) is 1; 
R = PEG. 



FIG. 41 D 



CHO, BHK, 293 cells, Veto expressed Urokinase, 
a-d, i-m, q-u (independently selected) - 0 or 1; 
e-h= 1; v-y=0. 

I 1. Sialidase 

2. CMP-SA-PEG (16 mol eq), 
I ST3GaD 

3. CMP-SA, ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 0 or 1; 
R=PEG. 



FIG. 41 E 
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CHO, BHK, 293 cells, Veto expressed Urokinase, 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 

I 1. CMP-SA-levulinate, ST3Gal3, 

buffer, salt 
| ^H^-PEG 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 0 or 1; 
R = PEG. 



FIG. 41 F 



CHO, BHK, 293 cells, Veto expressed Urokinase, 
a-d, i-m, q-u Ondependenuy selected) = 0 or 1; 
e-h^ 1; v-y = 0. 

| 1. CMP-SA, a2,8-ST 



a-d, i, q-u (independently selected) = 0 or 1 ; 
e-h=l; 

j-m (independently selected) = 0-20; 
v-y (independently selected) = 0. 



FIG. 41 G 
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H 2 N — — -COOH 

302 



r 



r 

(Fuc) r 

A*- -GlcNA.6rGlcNAc-Man 



/&GlcNAc-(C3 a l)J e -(Sia) r (RX ) r 
/^([GlcNAcKCSalU-CSia),- (R) w ) $ 



([GlcNAc-CGalU- (Sia) m - (R\) 



v. 



_n/q 



a-d, i, n, p-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 100. 
v-y=0; 

R = modifying group, mannose, oligo-mannose; 
R' = H, glycosyl residue, modifying group, 
glycoconjugate. 



FIG. 41 H 
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Insect cell expressed Urokinase. 

a-d,$hj-n,s,u,v-y=0; 

e, £, i, q, r, t (independently selected) = 0 or 1. 



il. GNT's 1,2,4,5, UDP-GlcNAc 
2. Galactosyltransferase, UDP-Gal-PEG 

a-i, q-u (independently selected) = 0 or 1; 
j-n = 0; v-y (independently selected) = 1, 
when e-h (independently selected) is 1 ; 
R = PEG. 



FIG. 411 



Yeast expressed Urokinase. 
a-n=0; 

q-y (independently selected) = 0 to 1; 

p = 1; R (branched or linear) — Man, oligomannose. 



I 1. Endoglycanase 

2. Galactosyltransferase, UDP-Gal 
| 3. CMP-SA-PEG, ST3Gal3 

a-m, p-y=0; n (independently selected) = 0 or 1 ; 
R' = -Gal-Sia-PEG. 



FIG. 41 J 
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CHO, BHK, 293 cells, Vero expressed Urokinase, 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; n, v-y=0. 






| 1. CMP^A-lmker-SA-CMP, ST3Gal3 

2. ST3Gall, desialylated Urokinase produced in CHO. 
r 3. CMP-SA, ST3Gal3, ST3Gall 




a- 
P 

V 

R 


■m, q-u (independently selected) = 0 or 1; 
= 1; n=0; 

-y (independently selected) - 0 or 1; 
. = linker-Urokinase. 


FIG. 41 K 



Isolated Urokinase. 

a-d, i-m, q-u (independently selected) =0 or 1; 

e-h= 1; v-y = 0; n = 0; 

Sia (independently selected) = Sia orSO^ 

Gal (independently selected) = Gal or GalNAc; 

GlcNAc (independently selected) = GlcNAc or GlcNAc-Fuc. 

11. sulfohydrolase 
2. CMP-SA-PEG, sialyltransferase 

a-d, i-m, q-u (independently selected) = 0 or 1; 

n = 0; e-h= 1; Sia = Sia; 

Gal (independently selected) = Gal or GalNAc; 

GlcNAc (independently selected) = GlcNAc or GlcNAc-Fuc. 

v-y (independently selected) = 0 or 1; 

R=PEG. 



FIG. 41 L 
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Isolated Urokinase. 

a-d, i-m, q-u (independently selected) = 0 or 1; 

e-h= 1; n=0; v-y=0; 

Sia (independently selected) = Sia or SO^ 

Gal (independently selected) = Gal or GalNAc; 

GlcNAc (independently selected) = GlcNAc or GlcNAc-Fuc. 

1. sulfohydrolase, hexosaminidase 

2. UDP-Gal-PEG, galactosyltransferase 



a-d, i, q-u (independently selected) = 0 or 1; 
e-h = 1; j-n = 0; Gal (independently selected) = Gal; 
GlcNAc (independently selected) = GlcNAc or GlcNAc-Fuc; 
v-y (independently selected) = 0 or 1; R = PEG. 



FIG. 41 M 
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A^^cNAc^lcNAc-Man /([GlcNAc-(Gal)J g - (Sia) r (R^ )" 



^ ([GlcNAc^Gal)^- (Sia) m - (R\\ 



a-d, i, q-u (independently selected) =0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) - 0 to 100. 
v-y = 0; R = polymer, glycoconjugate. 



FIG. 42A 
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CHO, BHK, 293 cells, Vero expressed DNase L 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 



il.SiaJidase 
2. CMP-SA-PEG (16 mol eq), 
ST3Gal3 



a-d, i-m, q-u independently selected) = 0 or 1; 
e-h=l; 

v-y (independently selected) = 1, 
when j-m (independently selected) is 1; 
R=PEG. 

FIG. 42B 



CHO, BHK, 293 cells, Vero expressed DNase L 
a-d, i-m, q-u (independently selected) — 0 or 1; 
e-h= 1; v-y=0. 



l.Sialidase 

2. CMP-SA-PEG (1.2 mol eq), ST3Gal3 

3. CMP-SA (16 mol eq), ST3Gal3 



a-d, i-m, q-u (independently selected) = 0 or 1; 
e~h= 1; v-y (independently selected) = 0 or 1; 
R=PEG. 



FIG. 42C 
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NSO expressed DNase L 

a-d, i-m, q-u (independently selected) - 0 or 1; 

e-h= 1; v-y=0; 

Sia (independently selected) = Sia or Gal. 

I 1. Sialidase and a-galactosidase 

2. a-Galactosyltainsferase, UDP-Gal 
t 3. CMP-SA-PEG, ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y (independently selected) = 1, 
when j-m (independently selected) is 1; 
R=PEG. 



FIG. 42D 



CHO, BHK, 293 cells, Vero expressed DNase L 
a-d, i-m, qni (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 

il. Sialidase 
2. CMP-SA-PEG (16 mol eq), ST3Gal3 
3. CMP-SA, ST3Gal3 

a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 0 or 1; 
R = PEG. 



FIG. 42E 
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CHO, BHK, 293 cells, Vero expressed DNase L 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y = 0. 



11. CMP-SA-levulinate, ST3Gal3, 
buffer, salt 
2.H4N 2 -PEG 

a-d, i-m, q-u (independenuy selected) = 0 or 1; 
e-h = 1; v-y (independently selected) = 0 or 1; 
R=PEG. 



FIG. 42F 



CHO, BHK, 293 cells, Vero expressed DNase I. 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; v-y=0. 



| 1. CMP-SA, a2,8-ST 



a-d, i, q-u (independently selected) = 0 or 1; 
e-h=l; 

j-m (independently selected) = 0-20; 
v-y (independently selected) = 0. 



FIG. 42G 
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(FucX 
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/{[GlcNAc-CGalU- (Sia),. - (R) v 
/^([GlcNAc-(Gal)J r <Sia) k - (R) w ] 8 
^/[[GlcNAcKGal^-CSiaX-^), ] t 



\ f 



[[GlcNAcKGalU- (Sia) m - (R)^ 



a-d, i, n, p-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 100. 
v-y = 0; 

R = modifying group, mannose, oligo-mannose; 
R* = H, glycosyl residue, modifying group, 
glycoconjugate. 



FIG. 42H 
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CHO, BHK, 293 cells, Vero expressed DNase L 
a-d, i-m, q-u (independently selected) = 0 or 1; 
e-h= 1; n, v-y = 0. 

I 1. CMP^A-linker-SA-CMP, ST3GaB 

2. ST3Gall, desialylated alpha-1- 
I Proteinase inhibitor. 

3. CMP-SA, ST3Gal3, ST3Gall 

a-m, q-u (independently selected) = 0 or 1; 
p = l; n=0; 

v-y (independently selected) = 0 or 1 ; 
R = linker- alpha-1 -Proteinase inhibitor. 



FIG. 42K 
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A^-GlcNAc- GlcNAc-Man 
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/^([GlcNAc^CMU-CSiaX- (R)*] 8 
\^[[GfcNAc^Gal)J g - (Sia),- (R), ] t 
[[GlcNAc-{Gal)J h - (Sia) m - (R) y ) 



a-d, i, r-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 4. 
j-m (independently selected) = 0 or 1. 
n, v-y = 0; z=0orl; 

R = modifying group, mannose, oligo-mannose; 
R' = H, glycosyl residue, modifying group, 
glycoconjugate. 



FIG. 43A 
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CHO, BHK, 293 cells, Vero expressed Insulin, 
a-m, r-u (independently selected) = 0 or 1; 
n = 0; v-y = 0;z = 1. 

il. Sialidase 
2. CMP-SA-PEG, ST3Gal3 

a-m, r-u (independently selected) = 0 or 1 ; 
v-y (independently selected) = 1, 

when j-m (independently selected) is 1; 
n = 0; R=PEG; z= 1. 

FIG. 43B 



Insect cell expressed Insulin. 
a-h,j-n,s-y=0; 

i, r (independently selected) = 0 or 1 ; z=l. 
1. GNT's 1&2, UDP-GlcNAc-PEG 



a-4£h,j-n,s,u,w,y = 0; 

e, g, i, r, t, v, x (independently selected) = 0 or 1; 

v, x (independently selected) = 1, 

when e, g (independently selected) is 1; 
z=l;R=PEG. 



FIG. 43G 
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Yeast expressed Insulin. 

a-n = 0; r-y (independently selected) = 0 to 1 ; 

z=l; 

R (branched or linear) - Man, oligomannose or 

pnlysflRrharidfi. 



I 



1. Endo-H 

2. Galactosyltransferase, UDP-Gal-PEG 



a-m. r-g= 0; n = 1: R' = -Gal-PEG. 



FIG. 43D 
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HM COOH 

B B 



B ^<3alNA<KGal) a -(Sia) c -CR) d J e 



e (independently selected) = 0 or 1; 
d=0; R = polymer 



FIG. 43E 
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CHO, BHK, 293 cells, Vero expressed insulin- 

mucin fusion protein. 
a-c, e (independently selected) = 0 or 1; d = 0 



1. Sialidase 

2. CMP-SA-PEG, ST3Gall 



a-d, e (mdependenuy selected) = 0 or 1; R = PEG. 



FIG. 43F 



Insect cell expressed Insulin-mucin fusion protein, 
a, e (independently selected) =0 or 1; b, c,d=0. 



I 



1. Galactosyltransferase, UDP-Gal-PEG 



a, d, e (independently selected) = 0 or 1; 

b, c = 0; R=PEG. 



FIG. 43G 
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E. coli expressed Insulin-mucin fusion protein. 


a-e = 


0. 




1. GalNAc Transferase, UDP-GalNAc 




2. CMP-SA-PEG, sialyltransferase 

r 


c, d, e (independently selected) = 0 or 1; 


a,b = 


= 0;R=PEG. 



FIG. 43H 
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,.^mucin peptide 



H 2 N — COOH 
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..^mucin peptide 
H 2 N C^I COOH 

B 



H 2 N COOH 

C 



B ^3^Ac<Gal) a <Sia) c -^) d J e 



a-c, e (independently selected) = 0 or 1; 
d=0; R= modifying group, mannose, 
oligo-mannose. 

FIG. 431 
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£. coli expressed Insulin-mucin fusion protein, 
a-e, n = 0. 



1. GalNAc Transferase, 
UDP-GalNAc-PEG 



d, e (independently selected) = 0 or 1; 
a-c,n = 0;R=PEG. 



FIG. 43J 



E. coli expressed Insulin-mucin fusion protein. 
a-e,n = 0. 



1. GalNAc Transferase, 
UDP-<jaMAc-linker-SA-CMP 

2. ST3Gal3, asialo^ransferrin 
* 3. CMP-SA, ST3Gal3 

d, e (independently selected) = 0 or 1; 
a-c, n = 0;R= linter-transferriiL 



FIG. 43K 
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E. coli expressed Insulin (N)— no mucin peptide. 


a-e, n = 0. 




1. NHS-€0-linker-SA-CMP 




2. ST3Gal3, asialo-transferrin 




r 3. CMP-SA, ST3Gal3 


a-e = 


0;n=l; 


R' = 


linker-transferrm. 



FIG. 43L 
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C.x j, /([GlcNAc-(Gal)J e -(Sia) r (R) v )^ 
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^ V, /[[GlcNAcKGal)J g - (Sia),- (R), ) t 



([GlcNAc-CGal)^- (Sia) m - (R)J 

B ^G^AcKGal^SkVCR)^ 



a-d, i, n-u, aa {independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 100. 
v-y = 0; R = polymer, glycoconjugate. 



FIG. 44A 
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CHO, BHK, 293 cells, Vero expressed M-antigen. 
a-d, i-m, o-u, aa (independently selected) = 0 or 1; 
n, e-h = 1; v-z = 0. 



! 1. Sialidase 

2. CMP-SA-linker-lipid-A, 
| ST3Gal3 



a-d, i-m, q-u, aa (independently selected) = 0 or 1; 

o,p,z =0; n,e-h=l; 

v-y (independently selected) = 1, 

when j-m (independently selected) is 1; 
R = linker-lipid- A. ■ 



FIG. 44B 



CHO, BHK, 293 cells, Vero expressed M-antigen. 
a-d, i-m, o-u, aa (independently selected) = 0 or 1; 
n, e-h = 1; v-z = 0. 

il. sialidase 
2. CW-SA-linker-tetanus toxin, ST3Gall 
3. CMP-SA, ST3GaB 



a-d, i-m, p-u, z, aa (independently selected) = 0 or 1 ; 
o,v-y = 0; n,e-h=l; R= tetanus toxin. 



FIG. 44C 
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NSO expressed M-antigen. 

a-d, i-n, o-u, aa (independentiy selected) = 0or 1; 

e-h= 1; v-z = 0; 

Sia (independently selected) = Sia or Gal. 



1. a-galactosidase 

2. CMP-SA, ST3Gal3 

^f 2. CMP-SA-KLH, ST3Gall 



a-d, i-n, p-u, z, aa (independent 


Ly selected) = 0 or 1; 


e-h=l; o,v-y = 0; 




z= 1, whenp = 1; 




R=KLH. 





FIG. 44D 



Yeast expt 


essed M-antigen. 


a-p,z = 0; 
R (branch* 


q-y, aa (independently selected) = 0 to 1; 


jd or linear) = Man, oligomannose; 


GaINAc = 


Man. 



11. a 1 ,2-mannosidase 
2.GNT1, 
TOP^lcNAc-linker-diphflieriatoxin. 



e, q, 1, m, r, t, u, v, aa (independently selected) =0 or 1 ; 

a-d, f-h, j, k, n-p, s, w-z = 0; 

Sia = Man; R = linker-diphliieria toxin. 



FIG. 44E 
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CHO, BHK, 293 cells, Vero expressed M-antigen. 
a-d, i-m, o-u, aa (independently selected) = 0 or 1; 
n,e-h = 1; v-z=0. 

11. OvlP-SA4evulinate, ST3Gal3, 
2. ^Nj-linker-DNA 



a-d, i-m, o-y, aa (independently selected) = 0 or 1; 
z =0; n,e-h= 1; R=lmker-DNA. 



FIG. 44F 



CHO, BHK, 293 cells, Vero expressed M-antigen. 
a-d, i-n, oni, aa (independently selected) = 0 or 1; 
e-h= 1; v-z = 0. 

| 1. CMP-SA, poly-a2,8-ST 

a-d, i, n-u, aa (independently selected) = 0 or 1; 
e-h = 1; j-m (independently selected) = 0-100; 
v-z (independently selected) = 0. 




FIG. 44G 
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X^jGlcNAc-CGal^-CSia),-^ ) t 

^ ([GlcNAc-(Gal)A- (SiaV 



bb 



f(Sia) 0 

B ^GaINAc<Gal)^ 



a-d, i, n, q-u, aa, bb, (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-p (independently selected) = 0 to 100. 
Cc,v-y=0; 

R = modifying group, mannose, oligo-mannose. 
R'= H, grycosyl residue, modifying group, 
glycoconjugate. 



FIG. 44H 
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Yeast expressed M-antigen. 
a-p, z, cc = 0; 

q-y, aa (independently selected) = 0 to 1; bb = 1; 
R (branched or linear) = Man, oligomannose; 
GalNAc = Man. 



1 



1. mannosidases 

2. GNT 1 & 2, UDP-GlcNAc 

3. UDP-Gal, Galactosyltransferase, 

4. CMP-SA, sialyltransferase 



a, c, e, g, j, 1, q, r, t, aa (independently selected) = 0 or 1; 

b, d,f;h,k,m-p,s,u-z,cc=0; bb = l. 



FIG. 44K 
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a-d, i, r-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 4. 
j-m (independently selected) = 0 or 1 . 
n, v-y = 0; z=0or 1; 

R = modifying group, mannose, oligo-mannose; 
R* = H, glycosyl residue, modifying group, 
glyecconjugate. 



FIG. 45A 
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CHO, BHK, 293 cells, Vero expressed Growth 
Hormone. 

a-m, r-u (independently selected) = 0 or 1 ; 
n=0; v-y =0; z= 1. 

il. Sialidase 
2. CMP-SA-PEG, ST3Gal3 

a-m, r-u (independently selected) = 0 or. 1; 
v-y (independently selected) = 1, 
when j-m (independently selected) is 1; 
n=0; R=PEG; z= 1. 



FIG. 45B 



Insect cell expressed growth hormone. 
a-h,j-n,s-y = 0; 

i, r (independently selected) = 0 or 1; z = 1. 
| 1. GNT's 1&2, UDP-GlcNAc-PEG 



a-d,t;h,j-n, s,u,w,y=0; 
e, g, i, r, t, v, x (mdependently selected)* 5 0 or 1; 
v, x (mdependently selected) = 1, 
when e, g (independently selected) is 1; 
z=l; R=PEG. 



FIG. 45C 
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Yeast expressed growth hormone. 

a-n = 0; r-y (independentiy selected) = 0 to 1 ; 

z=l; 

R (branched or linear) = Man, oligomannose or 
polysaccharide. 



i 



1. Endo-H 

2. Galactosyltransferase, UDP-Gal-PEG 




FIG. 45D 
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a-c, e (independently selected) = 0 or 1; 
d = 0; 

R = modifying group, mannose, oligo- 
mannose. 



FIG. 45E 
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CHO, BHK, 293 cells, Vero expressed growth 

hormone-mucin fusion protein. 

a-c, e (independently selected) = 0 or 1; d = 0 



1 



1. Sialidase 

2. CMP-SA-PEG, ST3Gall 



a-d, e Cmdependentry selected) = 0 or 1; 
R=PEG. 



FIG. 45F 



Insect cell expressed Growth Honnone-mucm 
fusion protein. 

a, e independently selected) = 0 or 1; 

b, c,d=0. 



1. Galactosyltransferase, UDP-Gal-PEG 



a, d, e (independently selected) = 0 or 1; 

b, c = 0; R=PEG. 



FIG. 45G 
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E. coli expressed growth hormone-mucin 


fusion protein. 


a-e = 


0. 




1. GalNAc Transferase, UDP-GalNAc 


i 


2. CMP-SA-PEG, sialyltransferase 

r 


c, d, e (independently selected) = 0 or 1; 


a,b = 


= 0;R=PEG. 



FIG. 45H 



E. coli expressed grow 


rfh hormone-mucin fusion 


protein. 




a-e,n=0. 





1. GalNAc Transferase, 
UDP-GalNAc-PEG 



d, e (independently selected) = 0 or 1; 
a-c,n=0;R=PEG. 



FIG. 451 
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E. coli expressed growth 


hormone-mucin fusion 


protein. 




a-e, n = 0. 





1. GalNAc Transferase, 
UDP-GalNAc-linker-SA-CMP 

2. ST3Gal3, asialo-transferrin 
" 3. CMP-SA, ST3Gal3 



d, e (independently selected) = 0 or 1; 
a-c, n=0;R= Imker-toansfemn. 



FIG. 45J 



E. coli expressed growth hormone 


(N) — no mucin peptide. 


a-e, n = 0. 




1. NHS-CO-linker-SA-CMP 




2. ST3Gal3, asialo-transferrin 




r 3. CMP-SA, ST3Gal3 


| a-e = 


0; n = 1; R' = linker-transferrin. 



FIG. 45K 
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Multiple A,B 



r r 

(FucX 



_/([GlcNAc-(Gal)J e - (Sia), - (R) v \ 
A ^-hGlcNA^lcNAc-Man /^[[GlcNAcKGalU-CSia),.^). 

<R') n (GlcNAc) w ' ([GlcNAiKGal)^- (Sk)^)^ 
B ^<3aINAiKGal) m <Sia) p MK)J 



a-d, i-m, q-u, w, z,rm, ww, zz (independently selected) - 0 or 1. 

e-h (independently selected) = 0 to 4. 

n,v-y=0; 

R = modifying group, marmose, oligo-mannose; 

R' = H, glycosyl residue, modifying group, glycoconjugate. 



FIG. 46A 
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CHO, BHK, 293 cells, Vero or transgenic animals 

expressed TNF Receptor IgG Fusion, 
a-m, o-u, aa (independently selected) = 0 or 1; 
n= 1; v-z = 0. 



I l.CMP-SA,ST3Gall 
I 2. galactosyltransferase, UPD-Gal 
3. CMP-SA-PEG, ST3GaB 

a-m, (Hi, v-y, aa (independently selected) = 0 or 1; 
n= 1; z = 0; R=PEG. 



FIG. 46B 



CHO, BHK, 293 cells, Vero expressed 




TNF Receptor IgG Fusion. 




a-m, o-u, aa (independently selected) = 


Oorl; 


n= 1; v-z=0. 




1. sialidase 




t 2. CMP-SA-PEG, ST3Gall 




a-i, p-u, z, aa (independently selected) 


= 0or 1; 


n= 1; oj-m, v-y=0; R=PEG. 





FIG. 46C 
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CHO, BHK, 293 cells, Vero expressed 

TNF Receptor IgG Fusion, 
a-m, o-u, aa (independently selected) = 0 or 1; 
n= 1; v-z = 0. 

| 1. galactosyltransferase, UPD-Gal-PEG 



a-m, o-u, v-y, aa (independently selected) = 0 or 1; 
n= 1; z = 0; R=PEG. 



FIG. 46D 



CHO, BHK, 293 cells, Vero or transgenic animals 

expressed TNF Receptor IgG Fusion, 
a-m, o-u, aa (independently selected) = 0 or 1; 
n= 1; v-z = 0. 

I 1. CMP-SA, ST3Gall 

| 2. galactosyltransferase, UPD-Gal-PEG 



a-m, o-u, v-y, aa (independently selected) = 0 or 1; 
n=l; z = 0; R=PEG. 



FIG. 46E 
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I 



CHO, BHK, 293 cells, Vero or transgenic animals 

expressed TNF Receptor IgG Fusion, 
a-m, o-u, aa (independeatly selected) = 0 or 1; 
n= 1; v-z = 0. 

il. CMP-SA-levulinate, ST3Gall 
IH^-PBG 



a-m, o-u, v-y, aa (independently selected) = 0 or 1; 
n = l; z=0; R=PEG. 



FIG.46F 



CHO, BHK, 293 cells, Vero expressed 

TOT Receptor IgG Fusion, 
a-m, o-u, aa (independendy selected) = 0 or 1; 
n = i; v-z = 0. . 

| 1. CMP-SA-PEG, a2,8-ST 

a-i, o, q-u, v-z, aa (independently selected) = 0 or 1; 
n= 1; j-m, p (independenfly selected) = 0 to 2; 
v-z (independently selected) = 1, 

when j-m, p (independently selected) is 2; 
R = PEG. 



FIG. 46G 
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r 



r 



A^rGlcNAc- GlcNAc-Man 



/([GlcNA<KGal)J e -(Sia) r (R) v ]^ 
/^([GlcNAc-CGaiy, - (Sia\- (R) w \ 



N^/jGlcNAc^Ga^J^CSia),-^ \ 

\ fr/~n _-kt A _ r/Ti»i\ n /c^~A /T>\ I 



V 



([GlcNAc-(Gal) d ] h -<Sia) IIl -(R.)y] 



z 



a-d, i, 1, q-u (independently selected) = 0 or 1. 

e-h (independently selected) = 0 to 4. 

j-k (Independently selected) = 0 or 1. 

M=0to20. 

n, v-y=0; z=0 or 1; 

R = polymer, toxin, radioisotope-complex, drug, mannose, 
oligo-marmose. 

R'=H, glycosyl residue, modifying group, glycoconjugate. 



FIG. 47A 
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CHO, BHK, 293 cells, Vero expressed Herceptin. 
a, c, i (independently selected) = 0 or 1; 
e,g,r,t=l; b,4thj-m,n,s,u-y=0; * 

q,z=l. 

1. galactosyltransferase, UPD-Gal 
I 2. CMP-SA-toxin, ST3Gal3 

a, c, i, j, I (independently selected) = 0 or 1; 
e,g,r,t=l;R= toxin; 

Sh,k,m,n,s,u-y=0; q,z=l; 
v-y (independently selected) = 51, 

when j, 1 (independently selected) is 1. 

FIG. 47B 



CHO, BHK, 293 cells, Vero or fungal expressed 
Herceptin. 

a, c, i (independently selected) = 0 or 1; 
e,g,r,t=l*; b,4 tb,j-m,n,s,u-y=0; 
q,z= 1. 



1. galactosyltransferase, 
UPD-Gal-Toxin 



a, c, i (independently selected) = 0 or 1 ; 
e,g,r,t=l; ^h, j-m,n,s,u-y=0; 
q, z = 1; v-y (independently selected) = 1, 
when a, c (independently selected) is 1; 
R= toxin. 



FIG. 47C 
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Fungi expressed Herceptin. 

e, g, i, r, t (independently selected) = 0 or 1 ; 

a-d,^h,j-m,n,s,u-y = 0; q,z = l. 



Il.Endo-H 
2. Galactosyltransferase, UDP-Gal 
3.. CMP-SA-radioisotope complex, ST3Gal3 



a-m, r-z= 0; q,n =1; 

R* = -Gal-Sia-radioisotope complex. 



FIG. 47D 
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r 



r 



hJGl 



I 

<R') n 



(Fuc)i 
IcNAcrGlcNAc-Man 



/([GlcNAc^GalU- (Sia) r (R\ X] 
[[GlcNAc-CGal)J f - (Sia\ - (R)J 8 
\^/[[GlcNAc-(Gal)J g - (Sia),- (R\ \ 
(GlcNAc), ^ Q-^cNAc-CGal)^- (Sia^- (R) y ) 



I 



a-d, i, p-n, (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 4. 
j-m (independently selected) = 0 or 1. 
n, v-y=0; z=0or 1; 

R = polymer, toxin, radioisotope-complex, drug, mannose, 
oligo-maraiose. 

R* = H, glycosyl residue, modifying group, glycoconjugate. 



FIG. 48A 
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CHO, BHK, 293 cells, Vera ex 


pressed Synagjs. 


a, c, i (independently selected) 


= 0or 1; 


e,g,r,t=l; 




b, d, f, h, j-m, n, s, u-y = 0; q, 


z=l. 



1. gaiactosyltransferase, UPD-Gal 
I 2. CMP-SA-PEG, ST3Gal3 



a, c, i, j, w, (independently selected) = 0 or 1; 

e,g,r,t=l; f,h,k,m,n,s,u-y = 0; 

q, z = 1; v-y (independently selected) = 1, 

when j, 1 (independently selected) is 1; 
R=PEG. 

FIG. 48B 



CHO, BHK, 293 cells, Vero or fungal expressed 
Synagis. 

a, c, i (independently selected) = 0 or 1; 
e,g,r,t=l; b,d,f,h,j-m,n,s,u-y=0; 
q>z= 1. 



1. gaiactosyltransferase, 
UPD-Gal-PEG 



a, c, i, w (independently selected) = 0 or 1; 
e,g,r,t=l; f;h,j-m,n,s,u-y=0; 
q, z = 1; v-y (independently selected) = 1, 
when a, c (independently selected) is 1; 
R = PEG. 



FIG. 48C 
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Fungi expressed Synagis. 

e, g, i, r, t (independently selected) = 0 or 1 ; 

a-d,th,j-m,n,s,n-y=(^ q,z = l. 



Il.Endo-H 
2. Galactosyltransferase, UDP-Gal 
3.. CMP-SA-PEG, ST3Gal3 

I a-m.r-z=0: (in =1: R* = -Gal-Sia-PEG. 



FIG. 48D 
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r 



r 



(Fuc), 

GlcNAckjlcNAc-Man 



I 



/[[GlcNA<KGal)J e -<Sia) r (R) v ^ 
/^([acNAc^Gal^-CSiaX- (R) w \ 
N^ftGlcNAcKGal)^- (Sia),- \ 
([(HcNAc-CGal^-CSia^CR),) 



> 



a-d, i, q-u, w (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) - 0 to 20. 
n, v-y=0; z=0orl; 

R = polymer, toxin, radioisotope-complex, drug, mannose, 



R' =H, glycosyl residue, modifying group, glycoconjugate. 



FIG. 49A 
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CHO, BHK, 293 cells, Vero expressed Remicade. 
a, c, i (independently selected) = 0or 1; 
e, g, r, t = 1; b, d, f, b, j-m, n, s, u-y = 0; 
q,z = l. 

il. galactosyltransferase, UPD-Gal 
2. CMP-SA-PEG, ST3Gal3 

a, c, i, j, 1 (mdependentiy selected) = 0 or 1; 
e,g,r,t=l; f;b,k,m,n,s,u-y=0; 
q, z = 1; v-y (independently selected) = 1, 
when j, 1 (independently selected) is 1; 
R=PEG. 



FIG. 49B 



CHO, BHK, 293 cells, Vero or fungal expressed 
Remicade. 

a, c, i (independently selected) = 0 or 1; 

e,g,r,t=l; b,d, $h,j-m,n, s,u-y = 0; 

q>z = L 

il. galactosyltransferase, 
UPD-Gal-PEG 

a, c, i (independently selected) = 0 or 1; 
e, g, r, t= 1; £ h, j-m, n, s, u-y = 0; 
q,z = l; v-y (independently selected) = 1, 
when a, c (independently selected) is 1; 
R=PEG. 



FIG. 49C 
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Fungi expressed Remicade. 

e, g, i, r, t (independently selected) = 0 or 1; 

a-d,^h,j-m,n,s,u-y=0; q,z=l. 

Il.Endo-H 
2. Galactosyltransferase, UDP-Gal 
3.. CMP-SA-radioisotope complex, ST3Gal3 



a-m, r-z= 0; q, n = 1; 

R' = -Gal-Sia-radioisotope complex. 



FIG. 49D 
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H 2 N — COOH 

H 2 N —COOH 



r 



r 



(Fuc)j 
HcNAc|<jlcNAc-Man 



/([GlcNAc^GalU- (Sia) r (R) v 
/^[[GlcNAc-CCSalU- <*)w) 8 

([GlcNAc-CGal)^- (Sia) m - (R) ) 



a-d, i, q-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 4. 
j-m independently selected) = 0 or 1. 
n, v-y = 0; z=0orl; 

R = modifying group, mannose, oligo-mannose; 
R' = H, glycosyl residue, modifying group, 
glycoconjugate. 



FIG. 50A 
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CHO, BHK, 293 cells, Vero expressed Reopro. 
a-m, r-u (independently selected) = 0 or 1; 
n=0; v-y=0;z= 1. 



il. Sialidase 
2. CMP-SA-PEG, ST3Gal3 

a-m, r-u (independently selected) = 0 or 1; 
v-y (independently selected) = 1, 
when j-m (independently selected) is 1; 
n=0; R=PEG; z=l. 



FIG. 50B 



Insect cell expressed Reopro. 

a-h,j-n, s-y=0; i, r (independently selected) = 0 or 1 ; 

z=l. 

| l.GNT^l^UDP-GlcNAc-PEG 



a-d, t h, j-n, s, u, w, y = 0; 

e, g, i, r, t, v, x (independently selected) = 0 or 1 ; 

v, x (independently selected) = 1, 

when e, g (independently selected) is 1; 
z=l; R=PEG. 



FIG. 50C 
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Yeast expressed Reopro. 

a-n = 0; r-y (independently selected) = 0 to 1; 

z = l; 

R (branched or linear) = Man, oligomannose or 
polysaccharide. 

1. Endo-H 

2. Galactosyltransferase, UDP-Gal-PEG 



I a-ra, r-z= 0; n = 1; R' = -Gal-PEG. 

FIG. SOD 
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r .^ mucin peptide 
H 2 N_ ^COOH 

B 



mucin peptide 
H 2 N COOH 

B 



H 2 M" 



B B 



—mucin peptide 
■ { ..y-mucm peptide 

" COOH 



B^6aIMAc-(Gal) a -<Sia) c - (R) d ^ 



a-c, e (independently selected) = 0 or 1; 
d=0; R= polymer 



FIG. 50E 
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CHO, BHK, 293 cells, Vero expressed 

Reopro-mucin fusion protein, 
a-c, e (independently selected) = 0 or 1; d=0 

il. Sialidase 
2. CMP-SA-PEG, ST3Gall 



a-d, e (independently selected) = 0 or 1; R = PEG. 



FIG. 50F 



Insect cell expressed Reopro-mucin fusion protein, 
a, e (independently selected) = 0 or 1; b, c, d = 0. 

| 1. Galactosyltransferase, UDP-Gal-PEG 



a, d, e (independently selected) = 0 or 1; 

b, c = 0; R=PEG. 



FIG. 50G 
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E. coli expressed Reopm-mucin fusion protein. 


a-e = 0. 




1. GalNAc Transferase, UDP-GalNAc 




2. CMP-SA-PEG, sialyltransferase 

r 


c, d, e (independently selected) = 0 or 1 ; 


a,b = 


=0;R=PEG. 



FIG. 50H 
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....ymucin peptide 
HjN ^COOH 

B 



mucin peptide 
H 2 N COOH 

B 



H 2 N — COOH 

C 



B -^!dNAc<Gal)XSia) c -^) d ] 



a-c, e (independently selected) = 0 or 1; 
d=0; R = polymer, linker. 



FIG. 501 
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E. coli expressed 


Reopro-mucin fusion protein. 


a-e,n = 0. 





1. GalNAc Transferase, 
UDP-GalNAc-PEG 



d, e (independently selected) = 0 or 1; 
a-c,n=0;R=PEG. 



FIG. 50J 



E. coli expressed Reopro-mucin fusion protein. 


a-e,n 


=0. 




1. GalNAc Transferase, 




UDP-GalNAc-linker-SA-CMP 




2. ST3Gal3, asialo-transferrin 




3. CMP-SA, ST3Gal3 


d, e (independently selected) = 0 or 1; 


a-c,n 


= 0; R= linber-transferrin. 



FIG. 50K 
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E. coli expressed Reopro(N) — no mucin peptide. 


a-e, n = 0. 




1. imS<X)-lmker-SA-CMP 




2. ST3Gal3, asialo-transferrin ' 




r 3. CMP-SA, ST3Gal3 


a-e = 


0; n= 1; R' = linker-transferxin. 



FIG. 50L 
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r 



r 



IcNAc -GlcNAo-Man 



I 

(R') n 



/([GlcNAc-(Gal)J e -(Sia) r <R) T )^| 
/^([GHcNAiKCiaDJ,-^- <R)J a 
N^/fEQcNAiKGal)^- (Sia),- (R^ \ 
^ ([GlcNAc-(Gal)J h - (Sia) m - (R) y ) 



a-d, i, q-u (independently selected) = 0 or 1. 

e-h (independently selected) =0 to 4. 

j-m (independently selected) = 0 or L 

n, v-y=0; z = 0or 1; R = polymer, toxin, radioisotope- 

complex, drag, glycoconjugate. 

R* = H, sugar, glycoconjugate. 



FIG. 51A 
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Fungi expressed Rituxan. 

e, g, i, r, t (independently selected) = 0 or 1; 

a-d,th,j-m,u,s,u-y = 0; q,z=l. 



I 



1. Endo-H 

2. Galactosyltransferase, UDP-Gal 

3. CMP-SA-radioisotope complex, ST3Gal3 



a-m, r-z= 0; q,n =1; 

R* = -Gal-Sia-radioisotope complex. 



FIG. 51 D 
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r 



(Fuc> C ^([CHcNA^GalU- (Sia) r (R), 

Z 



^"1 



a-d, i, q-u (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 4. 
j-m (independently selected) = 0 or 1. 
n, v-y = 0; z=0 or 1; 

R = polymer, toxin, radioisotope-complex, drug, 

glycoconjugate, mannose, oligo-mannose. 

R'=H, glycosyl residue, modifying group, glycoconjugate. 



FIG. 51 E 
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CHO, BHK, 293 cells, Vera or transgenic animal 
expressed Rituxan. 

a, c, i (independently selected) = 0 or 1 ; 
e,g,r,t=l; b,d,^h,j-m,n,s,u-y = 0; 
q,z= 1. 

1. galactosyltransferase, UPD-Gal 

2. CMP-SA-PEG, ST3Gal3 

a, c, i, j, 1 (mdependenfly selected) = 0 or 1; 

e,g,r,t=l; £ h, k, m, n, s, u-y = 0; 

q, z= 1; v-y (independently selected) = 1, 

when j, 1 (independently selected) is 1; 
R=PEG. 



FIG. 51 F 



Fungi, yeast or CHO expressed Rituxan. 

e,g, i, r,t,v,x independently selected) =0 or 1; 

a-d, U h, j-m, n, s, n, w, y = 0; q, z = 1; 

R (independently selected) = mannose, oligomannose, 

polymannose. 



1 



1. mannosidases (alpha and beta) 

2. GNT-UI, UDP-GlcNAc 
3. 



a-m, r-z= 0; q, n = 1; 

R' = -Gal-radioisotope complex. 



FIG. 51 G 
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FIG. 52A 

ACCCCCCTGGGCCCTGCCAGCTCCCTGCCCCAGAGCTTCCTGCTCAAT 

GCTTAGAGCAAGTGAGGAAGATCCAGGGCGATGGCGCAGCGCTCCAG 

GAGAAGCTGTGTGCCACCTACAAGCTGTGCCACCCCGAGGAGCTGGT 

GCTGCTCGGACACTCrCTGGGCATCCCCrGGGCTC 

CCCCAGCCAGGCCCTGCAGCTGGCAGGCTGCTTGAGCCAACTCCATA 

GCGGCCTTTTCCTCTACCAGGGGCTCCTGCAGGCCCTGGAAGGGAT^ 

CCCCCGAGTTGGGTCCCACCTTGGACACACnXjCAGCIXjGACGTCGCCG 

ACTITGCCACCACCATCIXjGCAGCAGATGGAAGAACTGGGAATGGCC 

CCTGCCCTGCAGCCCACCCAGGGTGCCATGCCGGCCTTCGCCTCTGCT 

1TCCAGCGCCGGGCAGGAGGGGTCCTGG1TGCCTCCCATCTGCAGAG 

CITCCrGGAGGTGTCGTACCGCGTTCTACGCCACCTTGCCCAGCCCTG 

A 



FIG. 52B 

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys Cys Leu Glu 
Gin Val Arg Lys lie Gin Gly Asp Gly Ala Ala Leu Gin Glu Lys Leu Cys Ala Thr 
Tyr Lys Leu Cys His Pro Glu Glu Leu Val Leu Leu Gly His Ser Leu Gly lie Pro 
Trp Ala Pro Leu Ser Ser Cys Pro Ser Gin Ala Leu Gin Leu Ala Gly Cys Leu Ser 
Gin Leu His Ser Gly Leu Phe Leu Tyr Gin Gly Leu Leu Gin Ala Leu Glu Gly He 
Ser Pro Glu Leu Gly Pro Thr Leu Asp Thr Leu Gin Leu Asp Val Ala Asp Phe 
Ala Thr Thr He Tip Gin Gin Met Glu Glu Leu Gly Met Ala Pro Ala Leu Gin Pro 
Thr Gin Gly Ala Met Pro Ala Phe Ala Ser Ala Phe Gin Arg Arg Ala Gly Gly Val 
Leu Val Ala Ser His Leu Gin Ser Phe Leu Glu Val Ser Tyr Arg Val Leu Arg His 
Leu Ala Gin Pro 
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FIG. 53A 

GCGCCTCTTATCTACCCACAAAAATCTATTTO 

AGAATATAGTrATCAAQTTAAGTAAAATGTCAATAGCCTmAATITA 

ATTITTAATTOTTTTATCATIU^ 
ACITTrrAATTTAATOTATAGAATAGAGATATACA 
TAGATACACAGTGTATATCTGATTAAAATATAATGGGAGA1TCAATC 
AGAAAAAAGTTTCTAAAAAGGCTCTGGGGT^ 

AATAATOAAAAAAATGTGGTOAGAAAAACAGCTGAAAACCCATGTA 
AAGAGTGTATAAAGAAAGCAAAAAGAGAAGTAGAAAGTAACACAGG 

GGCAOTGGAAAATOTAAACG^ 

ACAAAGCAAGGTCTTTCAGAGAACCim 

CCATTTCAACCAGTCTAGCAGGA1CT 

CCTTTGCTITACroGTGC^^ 
QCTCTGTGGGCTGTGAICTGCCTCAAACCCACAG^ 

• AGGACCTTGATGCTCCTG^ 
IGCTTOAAGGAGAGAC^TGACTrTGGAlTrc 

CAACCAGTTCCAAAAGGCTGAAACCATCCCTOTCCTCCATGAGATGA 

TCCAGCAGATCITCAATCTCTTCAGCACAAAGGA 
0[mATGAGACCCm^AGACAAATICTACACFGAACFCTACCAGCAG 

CTGAATOACCTGGAAOCCTGTG 

GACTCCX^CTOATCAAGGAGGACTC 

TOAAA0AATOACT€TOA1UTOA 

GCCTGGGAGGTTCTCAGAGCAGAAATCATGAGATC 

ACAAACTTOCAAGAAAGTITAAGAAGTAAGGAATGAAAA 

ACATGGAAATOATETIOiT^ 
ATCIGOCATTTCAAAGAOT 
TAAATCTITICAAATOTinrTTAGGAGTATrAATC 

CTCTTAAGGCACTAGTCQ^ 

ATOATTTAAATATTTTTAAAATA 

AACTTATTTTTGTTCATATTATGTCATO 

ATGTAATAAAATGTGTTCTTf^^ 

CATrGAACTTTTGCTATGGAACTTITCTA 

AAATTCCAAGCCTAATTCTGCAACCro 

CTOAirroTOATCAATATTATATTCAAGATATAA^ 

T3T1CTGTAAACCAAGTTGTATO1TCTACTC 

TAACAAATACAATTCTGCTCTCTTGTGTATTro 

AAACTAAAAATGCTAATCATACTTAATTATCAGTTATCGTA 

ATGAAGAGAAGAAGGAACG 
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FIG. 53B 

Met Alal^ThrPheAlal^l^uValAlaLeuLeuValLeuSerCysLysSer 
Ser Cys Ser Val Gly Cys Asp Leu Pro Gin Thr His Ser Leu Gly Ser Arg Arg Thr 
Leu Met Leu Leu Ala Gin Met Arg Arg He Ser Leu Phe Ser Cys Leu Lys Asp 
Arg His Asp Phe Gly Phe Pro Gin Glu Glu Phe Gly Asn Gin Phe Gin Lys Ala 
Glu Thr He Pro Val Leu His Glu Met lie Gin Gin lie Phe Asn Leu Phe Ser Thr 
Lys Asp Ser Ser Ala Ala Trp Asp Glu Thr Leu Leu Asp Lys Phe Tyr Thr Glu 
Leu Tyr Gin Gin Leu Asn Asp Leu Glu Ala Cys Val lie Gin Gly Val Gly Val 
Thr Glu Thr Pro Leu Met Lys Glu Asp Ser He Leu Ala Val Arg Lys Tyr Phe 
Gin Arg lie Thr Leu Tyr Leu Lys Glu Lys Lys Tyr Ser Pro Cys Ala Trp Glu Val 
Val Arg Ala Ghi He Met Arg Ser Phe Ser Leu Ser Thr Asn Leu Gin Glu Ser Leu 
Arg Ser Lys Glu 
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FIG.54A 

ATGACCAACAAGTGTCTCCHTCC^ 
ACTACAGCTCTTTOCATGAGCTACAACTTO^ 
AGCAGCAATTTTCAGTGTCAGAAGCTC^ 
QCTTOAATATTGCCTCAAGGAGAGGATCAA 

AGATTAAGCAGCTGCAGCAGTTOCAGAAGG AGGA CGCCGCATTGACC 

ATCTATGAGATGCTCCAGAACAIUinrTCCTAT^^ 
TCTAGCACTGGCTGGAATGAGACTATTGTTGAGAACCTCCTGGCTAA 



TGOAGAAAGAAGATIXTACCAGGGGAAAA^ 

CTCAAAAGATATTATGGGAGGATTCTGCATTACCTGAAG 

GTACAGTCACTGTGCCTGGACCATAGTCAGAGTGGAAATCCTAAGGA 

ACrTTTACTTCAWAAC^GACTTACAGGTTACCT 

CIUCTAGCCTGTCCCTCTGGGACT 

AACCAGCAGATGCTGTTTAAGTGACTGATGGCTAATCTACT 

GAAAGGACACTAGAAGATTITCAAATTTT^ 

TTT ATTTAT TTAAATTTTATTWGGAAAATAAAT^^ 



FIG. 54B 

Met Thr Asa Lys Cys Lot Lot Gin fle Ala Lot Leu Leu Cys Phe Ser Thr Thr Ala 
Lot Ser Met Ser Tyr Asa Lot Lot Qty Phe Lot Gin Arg Ser Ser Asn Phe Gin 
Cys Gin Lys Lot Lea Tip Gin Lot Asa Gly ArgLea Glu Tyr Cys Lot Lys Asp 
Am Met Asa Phe Asp le Pro Gla Gla le Lys Gin Lea Gin Gin Phe Gin Lys Glu 
Asp Ala Ala Leu Tar fle Tyr Glu Met Lot Gin Asn le Phe Ala le Phe Arg Gin 
Asp Ser Ser Ser Tar Gly Tip Asn Glu Thr le Val Glu Asn Leu Leu Ala Asa Val 
Tyr His Gin fle Asn His Leu Lys Thr Val Leu Glu Glu Lys Leu Glu Lys Glu Asp 
Phe Thr Arg Gly Lys Leu Met Ser Ser Leu His Leu Lys Arg Tyr Tyr Gly Arg fle 
Leu His Tyr Leu Lys Ala Lys Glu Tyr Ser His Cys Ala Trp Tar le Val Arg Val 
Ghi le Leu Arg Asn Phe Tyr Phe lie Asn Arg Leu Thr Gly Tyr Leu Arg Asn 
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FIG. 55A 

ATOGTCTCCCAGGCCCTCAGGCTCCTCl^ 

GGCTGCCTGGCTGCAGTCTTCGTAAOCCAOT 

CCTGCACCGGCGCCG^ 

CGOGCTCOTGGAGAGGaAGTGCAAGGAGGAGCAGTGCTCCTTC 
GGAGGCCXXXXJAGATC^ 

TGGATIIOTACAGTGATGGGGACCAGTGTGCCTCAAGTCCATGCCA 

GAATGGGGGCTCCTCCAAGGACCAGCTCCAGTOCTATATCT 

GCXnOXTCCCTTCGAGGGCCGGAACT 

CAGCTGATCTGTGTGAACGAGAACGGCGGCTGTGAGCAGTACTGCAG 
TCACCACACGGGCACCAAGCGCTCCTGTCGGTGCCACGAGGGGTACT 

CIOGCTGGCAGACGGGGTGTCCTGCACACCCACAGTTG 

TCTGGAAAAATACCTATICTAGAAAAAAGAAATGCCAGCAAACCCCA 

AGGCCGAATTGTGGGGGGCAAGGTGTGCCCCAAAGGGGAGTGTCCA 

TGGCAGGTCCTGTrGTTOGTGAATGGAGCTCAGWGTCT^ 

CXTOATCAACACCATCTGGGTGGIXrrcC^ 

AATCAAGAACTGGAGGAACCTGATO^ 

CTCAGCGAGCACGACGGGGATGAGCAGAGCCGGCGGGTGGCGCAGG 

TCATCATOCCX2AGCACGTAOT 
GCGCTGCTCCGCCTGCACCAGCCCGTGGTCCTCACT 

CCCCICTGCCTOCCCGAAGGG 

GTGOGCTICTCATTGGTCAGCGGCTGGGGCCAGCT 

CGCCACGGCCCTGGAGCTCATGGTGCTCAACGTGCCCCGGCroA 

ATCACGGAGTACATGTKn^ 

CT€CTOCAAGGGGGACAGTG^ 

GCACGTGGTACCTGACGGGOT 

ACCGTOGGCCACTTTOGGGTOT^^ 

GTGGOTGCAAAAGCTCATGCGCTCAG 

TGCGAGCCCCATTTCCC 
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FIG. 55B 

Met Val Ser Gin Ala Leu Arg Leu Leu Cys Leu Leu Leu Gly Leu Gin Gly Cys 
Leu Ala Ala Val Phe Val Thr Gin Glu Ghi Ala His Gly Val Leu His Aig Arg Arg 
Arc Ala Asn Ala Phe Leu Glu Glu Leu Arg Pro Gly Ser Leu Glu Arg Glu Cys 
Lys Glu Glu Gin Cys Ser Phe Glu Ghi Ala Arg Ghi He Phe Lys Asp Ala Glu Arg 
Thr Lys Leu Phe Tip De Ser Tyr Ser Asp Gly Asp Gin Cys Ala Ser Ser Pro Cys 
Gin Asn Gly Gly Ser Cys Lys Asp Gin Leu Gin Ser Tyr lie Cys Phe Cys Leu Pro 
Ala Phe Glu Gly Arg Asn Cys Ghi Thr His Lys Asp Asp Gin Leu De Cys Val 
Asn Glu Asn Gly Gly Cys Glu Gin Tyr Cys Ser Asp His Thr Gly Thr Lys Arg 
Ser Cys Arg Cys His Glu Gly Tyr Ser Leu Leu Ala Asp Gly Val Ser Cys Thr Pro 
Thr Val Ghi Tyr Pro Cys Gly Lys lie Pro De Leu Glu Lys Arg Asn Ala Ser Lys 
Pro Gin Gly Arg De Val Gry Gly Lys Val Cys Pro Lys Gly Glu Cys Pro Trp Gin 

Val Leu Leu Leu Val Asn Gly Ala Gin Leu Cys Gly Gly Thr Leu He Asn Thr He 
Trp Val Val Ser Ala Ala ffis Cys Phe Asp Lys De Lys Asn Tip Arg Asn Leu De 
Ala Val Leu Gly Glu His Asp Leu Ser Glu His Asp Gly Asp Glu Gin Ser Arg 
Arg Val Ala Gin Val lie De Pro Ser Thr Tyr Val Pro Gly Thr Thr Asn His Asp 
lie Ala Leu Leu Arg Leu His Gin Pro Val Val Leu Thr Asp His Val Val Pro Leu 
Cys Leu Pro Glu Arg Thr Phe Ser Ghi Arg Thr Leu Ala Phe Val Arg Phe Ser 
Leu Val Ser Gly Tip Gly Gin Leu Leu Asp Arg Gly Ala Thr Ala Leu Glu Leu 
Met Val Leu Asn Val Pro Arg Leu Met Thr Gin Asp Cys Leu Gin Gin Ser Arg 
Lys Val Gly Asp Ser Pro Asn lie Thr Glu Tyr Met Phe Cys Ala Gly Tyr Ser Asp 
Gly Ser Lys Asp Ser Cys Lys Gly Asp Ser Gly Gly Pro His Ala Thr His Tyr Arg 
Gly ITn Tip Tyr Leu Thr Gly He Val Ser Trp Gly Gin Gly Cys Ala Thr Val Gly 
His Phe Gly Val Tyr Thr Arg Val Ser Gin Tyr lie Glu Trp Leu Gin Lys Leu Met 
Axg Ser Glu Pro Arg Pro Gly Val Leu Leu Arg Ala Pro Phe Pro 
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FIG. 56A 

ATGCAGCGCGTGAACATOATC 
CATUEGCCTTITAGGATA 

GATCATCAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAA 
TTCAGGTAAATTGGAAGAGTTTGTTCAAGGGAACCTrGAG^A 
QTATGGAAGAAAAGTGTAGTrTTOAAGAACCACGAGAAGl'rrriGAA 
AACAO^AAAAGACAACTGAATTTTGGAAGCAGTATGTTGATGGAGA 

TCAGTOTGAOTCCAATCCATGTWAAA^ 
ACATTAATFCCTATGAATGTTGG 

ACTOTCAATTAGATGTAACAl^ 

CAGTTTTGTAAAAATAGTGCroATAACAAGGTGGTW 

GAGGGATATCGACTTOC^GAAAACCAGAAGTCCTGTGAACCAGCAGT 

GCCATTTOCATGTGGAAGAGTTTCIGT^ 

CXGTCCTGAGGCTOTTTTTCCrG 
AGCTGAAACCATTTTGGATAACATCACTCAAGGCA 

ATOACTTCACrCGGGTTOre 
TTCCCTIGGCAGGTTGTTTTO 
GGCTCTATCG1TAATOA 
QAAACIGGTQTTAAAA 

GGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAGCAA1T 
AlTOJI€AOCACAACTACAATCCAGCTATTAATAAGTACAACCATGA 

CATIGCCCTIOGGAACTCGACGAACCC^ 

TFACACOTATTTOCAT^ 

AATTTCGATCTGGCTATGTAA 

GGGAGATCAGOTTAGTraTCAGTACOT 

CX5AGCCACATCTCTOGA1CTACAAAGTTCACCA 

<GHniCTGTGOTGGOTTO 

ATAGTGGGGGACCCCATGtTACTGAAGTGGAAGGGACCAGTW 
ACTGGAATFATTAGCTGQ 

1XX5AATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAA 

AAAGAAAGCTCACTTAATGAAAGATGGATITCCAAGGTT 

GGAATTCAAAATTAACAG 
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FIG. 56B • 

MdGtoArgVal AsnMetneMetAkGMSerProSerLemHeTte^ 
Leu Gly Tyr Leu Leu Ser Ala Gk Cys Thr Val Fine LeuAsp His Glu Asn Ala 
Asm Lys le Leu Asn Arg Fro Lys Arg Tyr Asm Ser Gly Lys Leu Glu Glu Phe 
Val Gin Gly Asn Leu Glu Arg Glu Cys Met Glu Glu Lys Cys Ser Phe Glu Glu 
Pro Arg Glu Val Phe Ghi Asm Thr Glu Lys Thr Thr Glu Phe Tip Lys Gin Tyr 
Val Asp Gly Asp Gin Cys Glu Ser Asn Pro Cys Leu Asn Gly Gly Ser Cys Lys 
Asp Asp He Asn Ser Tyr Gfa Cys Trp Cys Pro Phe Gly Phe Glu Gly Lys Asm 
Cys Glu Leu Asp Val Thr Cys Asn He Lys Asn Gly Arg Cys Glu Gin Phe Cys 
Lys Asn Ser Ala Asp Asn Lys Val Val Cys Ser Cys Thr Glu Gly Tyr Arg Leu 
Ala Gk Asm Gin Lys Ser Cys Glu Pro Ala Val Pro Phe Pro Cys Gly Arg Val Ser 
Val Ser Gin Thr Ser Lys Leu Thr Arg Ala Glu Ala Val Phe Pro Asp Val Asp Tyr 
Val Asn Pro Thr Glu Ala Glu Thr He Leu Asp Asn He Thr Gin Gly Thr Gin Ser 
Phe Asn Asp Phe Thr Arg Val Val Gly Gly Glu Asp Ala Lys Pro Gly Gin Phe 
Pro Trp Gin Val Val Leu Asm Gly Lys Val Asp Ala-Phe Cys Gly Gly Ser lie Val 
Asm Glu Lys Trp Me Val Thr Ala Ala His Cys Val Glu Thr Gly Val Lys He Thr 
Val Val Ala Gly Glu EEs Asn le Glu Gin Thr Glu His Thr Glu Gin Lys Arg Asn 
Val He Arg Ala Me He Pro His His Asm Tyr Asn Ala Ala He Asn Lys Tyr Asn 
His Asp He Ala Leu Leu Glu Leu Asp Glu Pro Leu Val Leu Asn Ser Tyr Val Thr 
Pro Me Cys le Ala Asp Lys Ghi Tyr Thr Asm He Phe Leu Lys Phe Gly Ser Gly 
Tyr Val Ser Gly Trp Ala Arg Val Phe His Lys Gly Arg Ser Ala Leu Val Leu Gin 
Tyr Leu Arg Val Pro Leu Val Asp Arg Ala Thr Cys Leu Arg Ser Thr Lys Phe 
Thr fle Tyr Asn Asn Met Phe Cys Ala Gly Phe His Glu Gly Gly Arg Asp Ser 
Cys GDn Gly Asp Ser Gly Gly Pro His Val Thr Glu Val Ghi Gly Thr Ser Phe Leu 
Thr Gly le He Ser tip Gly Ghi Glu Cys Ala Met Lys Gly Lys Tyr Gly He Tyr . 
Thr Lys Val Ser Arg Tyr Val Asm Tip He Lys Glu Lys Thr Lys Leu Thr 
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FIG. 57A 

ATGGATTACTACAGAAAATATGCAGCT 
GTGTTTCTGCATGTTCTCCATTCCGCTCXnXj 

GAATGCACGCTACAGGAAAACCCATTCTTCTCCCAGCCGGGTGCCCC 

AATAOTCAGTGCATGGGCTGCTCK^ITCTCTAG 

ACTAAGGTCCAAGAAGACGATGTTGGTCCAAAAGAACGTCACCTCAG 

AGTCCACITGCTGTGTAGCTAAATCATATAACAGGGTCACAGTAATG 

GGGGGTTTCAAAGTGGAGAACCACACGGCGTGCCACTGCAGTACTTG 

TTATTATCACAAATCTTAAATCTTTTACCAAGTGCT 
GCTGATTTTCTX3GAATCK}AAAATTAAGTTGTTTAGTGTTTAT 

GTCAGATAAAACTCT<XTTTTC^ 
AAGGATATACTGCAGCITTACTGCCTTC 

TCAGCAGTCTAGTTCTTTTCATTTGGAATGAATACAGCATTAAGCTTG 
TTCCACTGCAAATAAAGCCTTTTAAATCATC 



FIG.57B 

Met Asp Tyr Tyr Arg Lys Tyr Ala Ala lie Phe Leu Val Thr Leu Ser Val Phe Leu 
His Val Leu His Ser Ala Pro Asp Val Gin Asp Cys Pro Glu Cys Thr Leu Gin Glu 
AsnProPhe Phe Ser Gin Pro Gly Ala Pro lie Leu Gin Cys Met Gly Cys Cys Phe 
Ser Arg Ala Tyr Pro Thr Pro Leu Arg Ser Lys Lys Thr Met Leu Val Gin Lys Asn 
. Val Thr Ser Glu Ser Thr Cys Cys Val Ala Lys Ser Tyr Asn Arg Val Thr Val Met 
Gly Gly Phe Lys Val Glu Asn IBs Thr Ala Cys His Cys Ser Thr Cys Tyr Tyr His 
Lys Ser 
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FIG. 57C 



ATGAAGACACTCCAGTTTTTCTTCCT 

TGCrGCAATAGCTGTGAGCTGACCAACATCACCATTGCAATAGAGAA 
AGAAGAATGTCGTTTCHXXJATAAGCATCAAC^ 

GCTACKjCTACACCAGGGATCIXjGTGTATAAGGACCCAGCCAGGCCC 
AAAATCCAGAAAACATGTACCrrCAAGGAACTGGTATATGAAACAGT 

gagagtgcccggctgtgctcacxjatgcagattccttgtatacataccc 

AGTGGCCACCCAGTGTCACTGTGGCAAGTGTGACAGCGACAGCAGTG 
ATTGTACTGTGCGAGGCCTGGGGCCCAGCTACTGCTCCITKK^ 

TGAAAGAATAA 



MetLys Thr Leu Gin Phe Phe Phe Leu Phe Cys Cys Trp Lys Ala De Cys Cys 
Am Ser Cys Glu Leu Thr Asa He Thr lie Ala He Glu Lys Glu Glu Cys Arg Phe 
Cys lie Ser He Asa Tin- Thr Tip Cys Ala Gly Tyr Cys Tyr Thr AigAspLeuVal 
Tyr Lys Asp Pro Ala Aig Pro Lys He Ghi Lys Thr Cys Thr Phe Lys Glu LeuVal 
Tyr Glu Thr Val Arg Val Pro Gly Cys Ala His His Ala Asp Ser Leu Tyr Thr Tyr 
Pro Val Ala Thr Gin Cys His Cys Gly Lys Cys Asp Ser Asp Ser Thr Asp Cys 
Thr Val Arg Gly Leu Gly Pro Ser Tyr Cys Ser Phe Gly Glu Met Lys Glu 



FIG. 57D 
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FIG. 58A 

CCCGGAGCCGGACC 
GCCCCCTOGACAGCCGCC^^ 

GCACCGCCGAGCTTCCCGGGATOAGGGCCCCCGGTGTGGTCACCCGG 

CGCXSCCCCAGGTCGCTGAGGGAO^ 
GTGCACGAATGTCCTGCCTCGCTGTGGCTTCTC^ 
CTCCCTCTGGGCCTCCCAGTCCTGGGCGCCC^ 
GACAGCCGAGTCCTGGAGAGGTACClCTrGGAGGCCAAGGAGGCCG 

AGAATATCACGACGGGCTGTOCTGA^ 

ATCACTGTCCCAGACAOCAAAGTTAATTTCTATGCCT 

GGAGGTCGGGCAGCAGGOCGTAGAAGTCTGGCAGGGCCTGGCCCTG 

CTGTCGGAAGCTGTCCTG^ 

CAGCCGTGGGAGCCCCTGCAGCTGCATGTGGATAAAGCCGTCAGTGG 
• CCTTC^AGOCTCACCACTCTCCTTC 

AAGCCATC10:anTCAGATCCGGCCTCAGCTG^ . 

ATCACTGCTOACACTFrcCG^ 

CTCCGGGGAAAGCTGAAGCTOTACACAGGG^ 

GGGACAGATGACCAGGTOTGTOCAG^ 

TCACCAACATIGCTIGTCOCACACCCTC 

GTCGAGGGGCTCTCAGCTCAGOGCCAGCXnGTC 

GTGCCAGCAATGACATCTCAGGGGOCAGAGGAACTOTCCAGAGAGC 

AACTCTGAGATCTAAGGATGTCM^ 
CAGGAAGCATTCAGAGAGCAGOTFT^ 

CTOMAAGACGCOT 

AGGACACGCTirGGAGGCGAlTTACCro 

GACAGGATGACCTGGAGAACTTAGGTGGCAAG^ 

GTCT€ACGGGCATCGGCACTCOCTTGGTGGCA^ 

(XX3IGGOTGGTGGGAACCATG 

OTOTCATGGGGTC^ 
AGTGAAACCACCAAAAAAAAAAAAAA 
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FIG. 58B 

Met Gly Val His Glu Cys Pro Ala Tip Leu Tip Leu Leu Leu Ser Leu Leu Ser 
Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu lie Cys Asp Ser 
Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu Ala Glu Asn lie Thr Thr 
Gly Cys Ala Glu His Cys Ser Leu Asn Glu Asn He Thr Val Pro Asp Thr Lys 
Val Asn Phe Tyr Ala Trp Lys Arg Met Glu Val Gly Gin Gin Ala Val Glu Val 
Tip Gin Gry Leu Ala Leu Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu 
Val Asn Ser Ser Gin Pro Tip Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser 
Gly Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Arg Ala Gin Lys Glu Ala He 
Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He Thr Ala Asp Thr Phe 
Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu Arg Gly Lys Leu Lys Leu Tyr 
Thr Gly Glu Ala Cys Arg Thr Gly Asp Arg 



WO 03/031464 



PCT/US02/32263 



251/345 



FIG. 59A 

ATGTGGCTGCAGAGCCTGCTGCTCTTGGGCACTGTGGCCTGCAGCAT 

CTCTGCACCCGCCCGCTCGCCCAGCCCCAGCACGCAGCCCTGGGAGC 

ATGTGAATGCCATCCAGGAGOCCCGGCGTCTCCTGAACCTGAGTAGA 

GACACTGCTGCTGAGATGAATGAAACAGTAGAAGTCATCTCAGAAAT 

GTTIGACCTCCAGGAGCCGACCTGCCTACAGACCCGCCTGGAGCTGT 

ACAAGCACKKKXnXKXKKKK^AGCCTCACCAAGCTCAAGGGCC^ 

ACCATGATGGCCAGCCACTACAAGCAGCACTGCCCTCCAACCCCGGA 

AACITCCTGTGCAACCCAGATTATCAC<mTGAAAGTTTCAAAGAGA 

ACCTGAAGGACITTCTGCTrGTCATCCCCTTTGACT 

TCCAGGAGTGA 



FIG. 59B 

Met Tip Leu Gin Ser Leu Leu Leu Leu Gly ThrVal Ala Cys Ser lie Ser Ala Pro 
Ala Arg Ser Pro Ser Pro Ser Thr Gin Pro Trp Glu His Val Asn Ala lie Gin Glu 
Ala Arg Arg Leu Leu Asn Leu Ser Arg Asp Thr Ala Ala Ghi Met Asn Glu Thr 
Val Glu Val lie Ser Ghi Met Phe Asp Leu Gin Glu Pro Thr Cys Leu Gin Thr Arg 
Leu Glu Leu Tyr Lys Gin Gly Leu Arg Gly Ser Leu Thr Lys Leu Lys Gly Pro 
Leu Thr Met Met Ala Ser His Tyr Lys Gin ffis Cys Pro Pro Thr Pro Glu Thr Ser 
Cys Ala Thr Gin lie He Thr Phe Ghi Ser Phe Lys Glu Asn Leu Lys Asp Phe Leu 
Leu Val He Pro Phe Asp Cys Trp Ghi Pro Val Gin Ghi 
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FIG. 60A 

ATGAAATATACAAGTTATATCITGGCTTTTCAGCTCT 

GG1TCTCTTG<jCTGTTACTGCCAGGACCCATATGTAAAAGAAGCAGA 

AAACCTTAAGAAATATTTTAATGCAGGTCATTCAGATGTAGCGGATA 

ATGGAACTCTTTTCITAGGCATTTTGAAGAATTGGAAAGAGGAGAGT 

GACAGAAAAATAATGCAGAGCCAAATTGTCTCCnTITACTTCAAACT 

TTTTAAAAACTTTAAAGATGACCAGAGCATCCAAAAGAGTGTGGAGA 

CCATCAAGGAAGACATGAATGTCAAGTrTITCAATAGCAACAAAAAG 

AAACGAGATGACITCGAAAAGCTGACTAATTATTCGGTAACTGACTT 

GAATGTCCAACGCAAAGCAATACATGAACTCATCCAAGTGATGGCTG 

AACTGTCGCCAGCAGCTAAAACAGGGAAGCGAAAAAGGAGTCAGAT 

GCTGTTTCGAGGTCGAAGAGCATCCCAGTAA 



FIG. 60B 

Met Lys Tyr Thr Ser Tyr lie Leu Ala Phe Gin Leu Cys He Val Leu Gly Ser Leu 
Gly Cys Tyr Cys Gin Asp Pro Tyr Val LysGlu Ala Glu AsnLeu Lys Lys Tyr 
Phe Asn Ala Gly His Ser Asp Val Ak Asp Asn Gly Thr Leu Phe Leu Gly lie 
LeuLys Asn Trp Lys Ghi Glu Ser Asp Arg Lys De Met Gin Ser Gin De Val Ser 
Phe Tyr Phe Lys Lea Phe Lys Asn Phe Lys Asp Asp Gin Ser He Gin Lys Ser Val 
Gin Thr He Lys Glu Asp Met Asn Val Lys Phe Phe Asn Ser Asn Lys Lys Lys 
Arg Asp Asp Phe Glu Lys Leu Thr Asn Tyr Ser Val Thr Asp Leu Asn Val Gin 
Arg Lys Ala He His Glu Leu He Gin Val Met Ala Glu Leu Ser Pro Ala Ala Lys 
Thr Gly Lys Arg Lys Arg S er Gin Met Leu Phe Arg Gly Arg Arg Ala Ser Gin 
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FIG. 61A 



CXGGGACAGTGAATCGACAA^ 
CCTCCTOGCAGGCCTGTOCTGC^ 

TCOCCAGGGAGATGCTGCCCAGAAGACAGATACATCCCACCATGATC 
AGGATCACCCAAGOTTCAACAAGATC 
GCCTTCAGCCTATACCGC^ 
TATCTTCTTCIOXCAGTOAGCATCGCT 

CCTOGGGACCAAGGCTCACACn€ACGATGAAATCCTOGAGG^ 

ATTOAACCTCACGGAGA1TCCGGAGGCT 

CAGGAACTCCTGOGTACCCTCAACCAGCCAGACAGCCAGCTCC 

GACCACCGGCAATOGCCTGTTO 
ATAAGTITTTGGAGGATGTrAAAAA 

ACTGTCAACTTCGGGGACACCGAAGAGGCCAAGAAACAGATCAACG 

ATTACGTGGAGAAGGGTACTCAAGGGAAAATTGTGGATTTGGTCAAG 

GACOTGACAGAGACACAGTTTTTGCTCTC 

AAAGGCAAATGGGAGAGACX^CirTOAAGTCAAGGACACCGAGGAAG 

AGGACTTCCACGTGGACCAGGTGACCACCGTCAAGGTGCCT 

AACCGTTTAGGCATCTTTAACATCCAGCACTGTAAGAAG^ 

CTOGGTCCTGCTGATCAAATACCT 

TCOGCCTOATOAGGGGAAACTACAGCACCTCGAA 

CAOGATATCATCACCAAGTTCOGGAAAATGAAGACAGAAGGTCTGC 

CAGCTIACATTTACXXJAA^ 
GAGCGTCCTGGGTCAACT^^ 
• OGACCTCTCCGGGG 
GCOGTCCATAAGGC]^^ 
TCCTCGGGCCATOFOT^ 
GGTCAAOTICAACAAACKXT^ 

CAAGTUTCCCCTCTTCATGGGAAAAGTCGTGAATCCCACCCA 
AACIGCCTCI€GC^ 

CTGGATGACATTAAAGAAGGGTTGAGCTGG 
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FIG. 61B 

Met Pro Ser Ser Val Ser Tip Gly lie Leu Leu Leu Ala Gly Leu Cys Cys Leu Val 
Pro Val Ser Leu Ala Glu Asp Pro Gin Gly Asp Ala Ala Gin Lys Thr Asp Thr Ser 
His His Asp Gin Asp His Pro Thr Phe Asn Lys He Thr Pro Asn Leu Ala Glu Phe 
Ala Phe Ser Leu Tyr Arg Gin Leu Ala His Gin Ser Asn Ser Thr Asn lie Phe Phe 
Ser Pro Val Ser lie Ala Thr Ala Phe Ala Met Leu Ser Leu Gly Thr Lys Ala Asp 
Thr His Asp Glu lie Leu Glu Gly Leu Asn Phe Asn Leu Thr Glu He Pro Glu Ala 
Gin lie His Glu Gly Phe Gin Glu Leu Leu Arg Thr Leu Asn Gin Pro Asp Ser Gin 
Leu Gin Leu Thr Thr Gly Asn Gly Leu Phe Leu Ser Glu Gly Leu Lys Leu Val 
Asp Lys Phe Leu Glu Asp Val Lys Lys Leu Tyr His Ser Glu Ala Phe Thr Val 
Asn Phe Gly Asp Thr Ghi Glu Ala Lys Lys Gin He Asn Asp Tyr Val Glu Lys 
Gly Thr Gin Gly Lys lie Val Asp Leu Val Lys Glu Leu Asp Arg Asp Thr Val 
Phe Ala LeuVal Asn Tyr lie Phe Phe Lys Gly Lys Tip Glu Arg Pro Phe Glu Val 
Lys Asp Thr Glu Glu Glu Asp Phe His Val Asp Gin Val Thr Thr Val Lys Val 
Pro Met Met Lys Arg Leu Gly Met Phe Asn lie Gin His Cys Lys Lys Leu Ser 
Ser Tip Val Leu Leu Met Lys Tyr Leu Gly Asn Ala Thr Ala De Phe Phe Leu Pro 
Asp Glu Gly Lys Leu Gin His Leu Glu Asn Glu Leu Thr His Asp De lie Thr Lys 
Phe Leu Glu Asn Glu AspArg Arg Ser Ala Ser Leu His Leu Pro Lys Leu Ser lie 
Thr Gly Thr Tyr Asp Leu Lys Ser Val Leu Gly Gin Leu Gly He Thr Lys Val Phe 
Ser Asn Gry Ala Asp Leu Ser Gly Val Thr Glu Glu Ala Pro Leu Lys Leu Ser Lys 
Ala Val His Lys Ala Val Leu Thr He Asp Glu Lys Gly Thr Glu Ala Ala Gly Ala 
Met Phe Leu Glu Ala lie Pro Met Ser lie Pro Pro Glu Val Lys Phe Asn Lys Pro 
Phe Val Phe Leu Met lie Ghi Gin Asn Thr Lys Ser Pro Leu Phe Met Gly Lys Val 
Val Asn Pro Thr Gin Lys 
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GCTAACCTAGTGCCTATAGCTAAGGCAGGTACCTGCATCCTTG'lllll' 

GTTTAGTGGATCCTCTATCCTTCAGAGACTCTGGAACCCCT 

TCIOTICATCTAATGACCC^ 

GAGAGGAATGTCCCAAGCCTTTGAGTAGGGTAAGCATCATGGCTGGC 
AGCCTCACAGGTTTGC1TCT 

GCCCGCCCCTGCATCCCTAAAAGCTrCGGCTACAGCTC 

QTOTGCAATGCCACATACT^ 

GCCCTTOGTACXnTCAGra 

GATGGAGCTOAGTATGGGGCCCATCCAGGCTAATCACACGGGCACAG 

GCCTGCTACTGACCCTCCAGCCAGAACAGAAGTTC 

GGATTTGGAGGGGCCATGACAGATGC^^ 

CTGTCACCCCCTGCCCAAAATITGCTACTTAAA 

GAAGGAATCGGATATAACATCATCCGGGTAOCCATGGCCAGCTGTGA 

CTTCTCCATCCGCACCTACACCT 

GWGCACAACTTCAGCCTCCCAGAGGAAGATACCAAGCTCAAGATAC 
CCCTGATTCACCGAGOCCTO 

TTGCCAGCCCCTGGACATCACCCACTTGGCTCAAGACCAATGGAGCG 

GTGAATGGGAAGGGGTCACTCAAGGGACAGCCCGGAGACATCTACC 

ACCAGACCTOGGCCAGATACTITC^ 

AGCACAAGTTACAGTIOTGGGCA^ 

GCTOGCOGTTOAGTGGATACCC^ 

GAACATCAGCGAGACTTCATTCCCCGTGACCTAGGTCCTACCCTCC^ 

AACAGTACI€AOCACAATGTCCGCCTACTCATGCTGGATGACCAAC 

TIGCIGCTOCC^ 

AGCTAAATATGlTCATGGCATTGCrroTACAW 

GGCmCAQCCAAAGCCACOC^AQBGGAGACACACCGCCTGTTCCCCA 

ACACCATGcrarreocrcAGAGCCcro 

AGCAGAGTOTOCGCMJFAGGO^^ 

CACAGCATCATCAQGAAO^ 

TGGAACOTTGCOTtMA^ 

CnCTTGTCGACAGTCCCATCATTOTAGACATCACCAATO 

CAAACAGCCCATGTTCTACCACCnTCGCCACrrc 

TCAGGGCTCCCAGAGAGTGGGGCTGGT1GCCAGTCAGAAGAACGACC 

TGGACGCAGTGGCACTGATGCATCCOGATGGCTCTGCTG 

TGCTAAACCGCTCCTCTAAGGATCTGCCTCTTACCA 

CTGTGGGCTTCCrGGAGACAATCTCACCTGGCTACTCCATTCACACCT 

ACCTGTGGCATCGCCAGTCATGGAGCAGATACTCAAGGAGGCACTGG 

GCTCAGCCTGGGCATTAAAGGGACAGAGTCAGCTCACACGCTGTCTG 

TGACTAAAGAGGGCACAGCAGGGCCAGTGTGAGCTTACAGCGACGT 
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FIG. 62A-2 

AAGCCCAGGGGCAATGGTTTGGGTGAC^ 

GCCCAGGGCTGGAGGCCCCTAGAAAAAGATCAGTAAGCCCCAGTGTC 
CCCCCAGCCCCCATGCTTA^ ' 
TGGAAACT 



FIG. 62B 

Met Glu Phe Ser Ser Fro Ser Arg Glu Glu Cys Fro Lys Fro Leu Ser Arg Val Ser 
Me Met Ala Gly Ser Leu Thr Gly Leu Leu Leu Lew Gin Ala Val Ser Tip Ala Ser 
Gly Ala Arg Pro Cys Me Pro Lys Ser Phe Gly Tyr Ser Ser Val Val Cys Val Cys 
Asa Ala Thr Tyr Cys Asp Ser Phe Asp Pro Pro Thr Phe Pro Ala Leu Gly Thr 
Plie Ser Arg Tyr Glu Ser Thr Arg Ser Gly Arg Arg Met Glu Leu Ser Met Gly 
Pro Me Glm Ala Asn His Thr Gly Thr Gly Leu Leu Leu Thr Leu Gin Pro Glu Gin 
Lys Plie Gta Lys Val Lys Gly Phe Gly Gly Ala Met Thr Asp Ala Ala Ala Leu 
Asn lie Leu Ala Leu Ser Pro Pro Ala Gin Asa Leu Leu Leu Lys Ser Tyr Phe Ser 
Glu Glu Gly He Gly Tyr Asm Me Me Arg Val Pro Met Ala Ser Cys Asp Phe Ser 
Be Arg Thr Tyr Thr Tyr Ala Asp Thr Fro Asp Asp Phe Glm Leu His Asn Phe Sea- 
It^ Fio Glu Ghu Asp Thr Lys Leu Ly^ 

AlaGlm Arg Pro Val Ser Leu Leu Ala Ser Pro Trp Thr Ser Pro Thr Trp Leu Lys 
Thr Asa Gly Ala Val Asa Gly Lys Gly Ser Leu Lys Gly Ghi Pro Gry Asp Me 
Tyr His Gin Thr Tip Ala Arg Tyr Phe Val Lys Phe Leu Asp Ala Tyr Ala Glu 
His Lys Leu Gin Phe Trp Ala Val Thr Ala Glu Asa Glu Pro Ser Ala Gly Leu 
Leu Ser Gly Tyr Pro Phe Gin Cys Leu Gly Phe Thr Pro Glu -His Gin Arg Asp 
Phe Me Ala Arg Asp Leu Gly Pro Thr Leu Ala Asm Ser Thr His His Asa Val Arg 
Leu Leu Met Leu Asp Asp Glm Arg Leu Leu Leu Pro His Trp Ala Lys Val Val 
Leu Thr Asp Pro Glu Ala Ala Lys Tyr Val His Gly ]Qe Ala Val His Trp Tyr Leu 
Asp Phe Leu Ala Pro Ala Lys Ala Thr Leu Gly Glu Thr His Arg Leu Phe Pro 
Asn Thr Met Leu Phe Ala Ser Glu Ala Cys Val Gly Ser Lys Phe Trp Glu Glm Ser 
Val Arg Leu Gly Ser Trp Asp Arg Gly Met Gta Tyr Ser His Ser lie Me Thr Asn 
Leu Leu Tyr His Val Val Gly Trp Thr Asp Trp Asm Leu Ala Leu Asa Pro Glu 
Gly Gly Pro Asa Trp Val Arg Asn Phe Val Asp Ser Pro Be Me Val Asp Me Thr 
Lys Asp Thr Phe Tyr Lys Gin Pro Met Phe Tyr His Leu Gly His Phe Ser Lys 
Phe Be Pro Glu Gly Ser Gin Arg Val Gly Leu Val Ala Ser Gin Lys Asa Asp Leu 
Asp Ala Val Ala Leu Met His Pro Asp Gly Ser Ala Val Val Val Val Leu Asa 
Arg Ser Ser Lys Asp Val Pro Leu Thr Me Lys Asp Pro Ala Val Gly Phe Leu Glu 
Thr lie Ser Pro Gly Tyr Ser Be His Thr Tyr Leu Trp His Arg Gin 
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FIG.63A 

ATGGATGCAATGAAGAGAGGGCTCH^^ 

AGCAGTCTTCGTTTCGCCCAGCCAGGAAATCCATOCCCGATO 

GAGGAGCCAGATCTTACCAAGTGATCTGCAGAGATGAAAAAACGCA 

GATGATATACCAGCAACATCAGTCATGGCTGCGCCCTGTGCTCAGAA 

GCAAC^GGGTGGAATATTGCTGGTGCAACAGTGGCAGGGCACAGTGC 

CACTCAGTGCOGTCAAAAGTroCAGCGAGCCAAGGTGTTO 

GGGCACCTGCCAGCAGGCCCTGTACTTCTCAGA 

CCQQGAAGGATTTGCTGGGAAGTO 

CGTGCTACGAGGACCAGGGCATCAGCTACAGGGGCACGTGGAGCAC 

AGCGGAGAGTGGCGCCGAGTGCACXAACTGGAACAGCAGCGCGTTG 

GGCCAGAAGCCCTACAGCGGGCGGAGGCCAGAGGCCATCAGGCTGG 

GCCTCGGGAACCACAACTACTGCAGAAACX^CAGATCGAGACTGAAA 

GCCCTCGTCCTACGTCTTTAAGGCGGGGAAGTACAGCTCAG 

GCAGCACCCCTGCCTGCTCTGAGGGAAACAGTGACTGCTACTTT 

AATGGGTCAGCCTACCGTGGCACGCACAGCCTCACCGAGTCGGGTGC 

CTCCTGCCIOXGTGGAATrcCATCATCCTGATAGGCAA 
AGCACAGAACCCCAGTCCCCAGGCACTGGGCCTGGGCAAACATAATT 

ACTGCCGGAATCCTOATGGGGATGCCAAGCCCTGGT 

AAGAACCGCAGGCTCAGGTGGGAGTACTGTGATGTGCCCTCCTGCTC 

CACCIGCGGCCTOAGACAGTACAGCCAGCCTCAGTTTC 

GAGGGCTCTTCGCCGACATCGOCTCCCACCCCTGG^ 

TTCOTAAGCACAGGAGGTCGO^^ 

ATACTCATCAGCTCCTGCTOG^ 

GAGAQGTTTCCGCCCCAGCA^ 

CCGGGTGGTCCCTGGCGAGGAGGAG 

TACATIGTOCATAAGGAATTOGATC 

TCCGCTCCIGCAGCTOAAATCGGATO 

GCAGCXrTOGlWGCACTCTGTCC 

CCGGACTOGACGGAGTGTOAGCTUro 

QTAOCCATCCAGCCGOT 

TCACCX5ACAACATGCTCTCTGCTOGAGACACTC 
CAGGCAAACTTOCACGAOGCOT 

GGTOTGTCTGAACGATGGCCGCATGACTTTGGTGGGCATCATCAGCT 
GGGGCCTGGGCTCTGGACAGAAGGATGTCCCGGGTGTGTACACCAAG 
GTTACCAACTACCTAGACTOGATTCGTGACAACATGCGACCGTGACC 
AGGAACACCCGACTCCTCAAAAGCAAATGAGATCC 
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FIG. 63B 

Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu Cys Gly Ala Val 
Phe Val Set Pro Ser Gin Glu He His Ala Arg Phe Arg Arg Gly Ala Arg Ser Tyr 
Gin Val Me Cys Arg Asp GIe Lys Thr Gin Met He Tyr Gin Gin His Gin Ser Trp 
Leu Arg Pro Val Leu Arg Ser Asn Arg Val Glu Tyr Cys Tip Cys Asn Ser Gly 
Arg Ala Glm Cys His Ser Val Fro Val Lys Ser Cys Ser Glu Pro Arg Cys Phe Asn 
Gly Gly Thr Cys Gin Gin Ala Lot Tyr Phe Ser Asp Phe Val Cys Gin Cys Pro 
Glu Gly Phe Ala Gly Lys Cys Cys Glu le Asp Thr Arg Ala Thr Cys Tyr Glm 
.AspGlnGlyfleSerTj^A^GlyThrTroSerT^ Gly Ala Glu Cys 

Thr Asn Trp Asn Ser Ser Ala Leu Ala Gin Lys Pro Tyr SerGlyArg ArgPro Asp 
Ala le Arg Leu Gly Leu Gly Asn His Asn Tyr Cys Arg Asn Pro Asp Arg Asp 
Ser Lys Pro Trp Cys Tyr Val Phe Lys Ala Gly Lys Tyr Ser Ser Glu Phe Cys Ser 
Thr Pro Ala Cys Ser Glu Gly Asn Ser Asp Cys Tyr Phe Gly Asn Gly Ser Ala Tyr 
Arg Gly Tbr His Ser Leu Tk Glu Ser Gly Ala Ser Cys Leu Pro Trp Asn Ser Met 
He Leu le Gly Lys Val Tyr Thr Ala Gin Asn Pro Ser Ala Gin Ala Leu Gly Leu 
Gly Lys His Asn Tyr Cys Arg Asn Pro Asp Gly Asp Ala Lys Pro Trp Cys His 
Val Leu Lys Asn Arg Arg Leu Thr Trp Glu Tyr Cys Asp Val Pro Ser Cys Ser 
Thr Cys Gly Leu Arg Gin Tyr Ser Gin Pro Gin Phe Arg He Lys Gly Gly Leu Phe 
Ala Asp II© Ala Ser His Pro Trp Gin Ala Ala le Phe Ala Lys His Arg Arg Ser 
Pro Gly Glu Arg Ph© Lsu Cys Gly Gly le Leu 1© Ser Ser Cys Trp le Leu S©r 
Ala Ala His Cys Ph© Gin Glu Arg Ph© Pro Pro His His Leu Thr Val le Leu Gly 
Arg Thr Tyr Arg Val Val Pro Gly Glu Glu Glu Gin Lys Phe Glu Val Glu Lys 
Tyr le Val His Lys Glu Phe Asp Asp Asp Thr Tyr Asp Asn Asp le Ala Leu 
Lot Gin Leu Lys Ser Asp Ser Ser Arg Cys Ala Gin GluSerSerVal Val Arg 
Thr Val Cys Leu Pro Pro Ala Asp Lsu Gin L©u Pro Asp Trp Thr Glu Cys Glu 
Lot Ser Gly Tyr Gly Lys EEs Glu Ala Lsu Ser Pro Phe Tyr Ser Glu Arg Leu Lys 
Glu Ala His Val Arg Lot Tyr Pro Ser Ser Arg Cys 11k Ser Gin His Leu Leu Asn 
Airg Thr Val Thr Asp Asn Met Lsu Cys Ala Gly Asp Thr Arg Ser Gly Gly Pro 
Gto Ala Asn Leu His Asp Ala Cys Glm Gly Asp Ser Gly Gly Pro Leu Val Cys 
Lot Am Asp Gly Arg Met Tk Leu Val Gly le le Ser Trp Gly Leu Gly Cys Gly 
Gin Lys Asp Val Pro Gly Val Tyr Thr Lys Val Thr Asn Tyr Lsu Asp Trp le Arg 
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. FIG. 64 A 

ATCACTCTCTTTAATCACT^ 

TGTACAGGATGCAACTOCTGTCT^ 

TCACAAACAGTGCACCTACTTCA^ 

ACACAGCTACAACTGGAGCAOTACT^^ 

AATGGAATTAATAATFACAAGAATW^ 

ATTTAAGTTTTACATCKXX^AAGAAGGCCACAGAAC 

AGTGTCTAGAAGAAGAACTGAAACCT^ 

GCTCAAAGCAAAAAOTTTCAOTT 

TATCAACGTAATAGITCTGGAACTAAAGGGATCTGAAACAAC^ 
TGTGTGAATATGCAGATGAGACAGCAAC^^ 
AGATGGATTACCTITrGTCAAAGCATCATUrCAACACT 
TTAAGTGCTTQCmCTTAAA^ 
AATATTTAAATITTATATTTATF^^ 
■ TAACTATTATTCTTAATCWAAAACTATAAATATGGATC 
TOTITTOTAAGCCCTAGGGGCTCT 

CAAAAATATTTATTATrATGTTOAATGTTAAATATAGTATCTATGTAG 

A1TCGTTAGTAAAACTATTTAATAAA 

AAACAAAAAAAAAAA 



FIG. 64B 

Met Tyr Arg Met Glm Lot Lot Ser Cys Me Ala Leu He 1^ Ala Val Thr Asm 
Ser Ala Br© Thr Ser Ser Ser Thr Lys Lys Thr Lys Lys Thr Gto Lot GM Lot Glu 
His Leu Lot Leu Asp Lot Glm Met He Lot Asm Gly He Asm Asm Tyr Lys Asm 
Br© Lys Lot Thr Arg Met Lot TJbr Phe Lys Phe Tyr Met Pro Lys Lys Ala Thr 
Gto Lot Lys Glm Lot Glm Cys Lot Gto Gto Gto Lot Lys Br© Leu Gto Gto Val 
Leu Asm Lot Ala Glm Ser Lys Asm Phe His Lot Arg Pro Arg Asp Lot He Ser 
Asm He Asm Val He Val Lot Gto Lot Lys Gly Ser Gto Thr Thr Phe Met Cys Gto 
Tyr Ala Asp Glm Thr Ala Thr He Val Glm Pme Lot Asm Arg Trp He Thr Phe Cys 
Glm Ser He He Ser Tmr Lot Thr 



260/345 

FIG.65A-1 

ATGCAAATAGAGCIUICCACCT^ 

<QCITrAGTGCCACCAGAAGATACTACCTGGGTGCAGTGGAACnn€A 

TGGGACTATATGCAAAGTGATCTCGGTGAGCTOCCTGTGGACGCAAG 

ATTTCCTCCTAGAGTGCCAAAATCTTTTCCAT^ 

GTAGAAAAAGACIUTGTinrGTA 

CGOTAAGCCAAGGCCAOXTGG^ 

AGGCTGAGGTTTATGATACAGTGGTCA1TACACTTAAG 

TCCCATCCTGTCAGTCTTCATCCroTTGGTOTATCCT^ 

TCTGAGGGAGCTGAATATGATGATCAGACCAGTCAAAGGGAGAAAG 

AAGATGATAAAGTCTTCCCTGGTCGAAGCCATACATATO 

GTCCTGAAAGAGAATGGTO^AATG^ 

CTACTCATATCTTTUIOlTO^ 

CCTCATTGGAGOCCTACTAGTATGTAGAGAAGGGAGIU^ 
AAAAGACACAGACCTroCACAAATTTATACTAC^ 
ATGAAGGGAAAAGTrGGCACTCAGAAA 
GGATAGGGATGCTGCATCTOCTCGGGCCTGG^ 

TCAATGGTTATGTAAACAGGTCnCTGCCAGGTCrGATTGGATGCCACA 

GGAAATCAGTCTATIGGCATGTCATTCGAATGGGCACCACT 

GTGCACTCAATATTCOTCGA^ 

CGCCAGGCGTCOTIGGAAATC^ 

ACACIOTGATGGACC1TGGACAGT 

CCCACX^AACATCATCGCATGGAAGCITATGTCAAAGTAG 

CCAGAGGAACCCCAACTACGAATCAAAAATAATGAAGA 

ACTATGATOATGATUITAC1GA 

ATGATOACAACTCIOOTCOTrATCCAAATrC 

AGCATCCTAAAAOTTGGGTACATI^^ 

TGGGACTATCCTCCXTTTAGTCC1030COC 

AGTCAATATTHGAACAATCGCCCT^ 

AAAAGTCCGATTTAIGGCATACACAGATGAAACCTW 

AAGOTATTCAGCATOAATCAGGAATOT 

AAGTTOGAGACACAOTG^ 

CCATATAACA1UTACCCTCACGGAATCACTGATGTCCGTC 

TCAAGGAGATTACCAAAAGGTOTAAAACATITC 

TCTGCCAGGAGAAATATrcAAATATAAATGGACAGTCACTGTAGAAG 

ATGGGCCAACTAAATCAGATCCTCGGTGCCTGACCCGCTAT^ 

G1TTCGTTAATATCGAGAGAGATCTAGCTTCAGGACT 

TCCTCATCIGCTACAAAGAAIUTGTAGATC^ 

ATGTCAGACAAGAGGAATGTCATCCTGTTTTCTGTAriTGATGAGAAC 
CGAAGCTOGTACXHTACAGAGAAT^^ 
GCTGGAGTGCAGCITGAGGATCCAGAGTrCCAAGCCTCCA 
GCACAGCATCAATGGCTAimTOT 

TITGCATOAGGTGGCATACTGGTACATTCTAAGCATTGGAGCACAGA 
CTGACTTCCFnCTGTCTTC^CTCIGGATATACCITCAAACACAAAAT 
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FIG. 65A-2 

GGTCTATCAAGACACACTCACCCTATTCCCATTCTCAGGAGAAACTGT 

CTTCATGTCGATGGAAAACCCAGGTCTATGGATTCTGGGGTGCCACA 

ACTCAGACTTTCGGAACAGAGGCA^ 

AGTTGTGACAAGAACACTGGTGATTATTACGAGGACAGTTATGAAGA 
TATTrcAGCATACrrGCTGAGTAAAAACAATGCCATTGAACCAAGAA 

GCTTCroCCAOAATICAAGA^ 

AATGCCACCACAATTCCAGAAAATGACATAGAGAAGACTGACCCTTG 

GTITCCACACAGAACACCTATGCCTAAAATACAAAATGTCTC 

GTOATTTGTTGATGCTCTTGCGACAGAGTCCTA CT 

CCTTATCTGATCTCCAAGAAGCCAAATATGAGACnTllUKjATGATC 

CATCACCTGGAGCAATAGACAGTAATAACAGCCTGTCTGAAATGACA 

CACTTCAGGCCACAGOTCCATC 

TGAGTCAGGCCTCCAATTAAGATTAAATGAGAAACTGGGGACAACT 
CAGCAACAGAGTTGAAGAAACITGATTTCAAAGTTrCTAGTACATC 
AATAATCTGATTTCAACAATTC^ 

GATAATACAAGTTCCTTAGGACCCCCAAGTATGCCAGTTC 

AGTCAATTAGATACCACTCTATTTGGCAAAAAGTCATCT^ 

■GAGTCTGGTGGACCTCTGAGCTTGAGTGAAGAAAATAATGAT^ 

GTTGTTAGAATCAGGTrrAATGAATAGCCAAGAAAGTTCATGGGGAA 

AAAATGTATCGTCAACAGAGAGTGGTAGGTTAT1TAAAGGGAAAAGA 

GCTCATGGACCTOCTTTCTTOACTAA^ 

AGCATCTCITrGTTAAAGACAAACAAAACTTC 

AATAGAAAGACTCACATTGATGGCCCATCATTATTAATTGAGA^ 

TCCATCAGTCTGGCAAAATATAIT^ 
AAGTGACACCTITGATTCATGACA^ 

ACAGCTTrGAGGCTAAATCATATGTCAAATAAAACTACrrc 

AAACATGGAAATGGTCCAACAGAAAAAAGAGGGCCCCA1TCCACCA 

GATGCACAAAATCCAGATATGTCGIlXJriTA^ 

GAATCAGCAAGGTCGATACAAAGGACTCATO5AAAGAACT 

CTCTGCK3CAAGGCCCCAGTCGAAAGCAATTAGTATC 

AAAAATCTGTGGAAGGTCAGAATI1CTI 

GTAGTAGGAAAGGGTGAATrrACAAAGGACGTAGGACTCAAAGAQA 
TGGTTTTTCCAAGCAGCAGAAACCTATTTC^ 

TACATGAAAATAATACACACAATCAAGAAAAAAAAATTCAGGAAGA 
AATAGAAAAGAAGGAAACATTMTCCAAGAGAATGTAGTTITG^ 
AGATACATACAGTGACTGGCACTAAGAATTTCATGAAGAACUlXllC 
TTACTGAGCACTAGGCAAAATGTAGAAGGTTCATATGACGGGGCATA 

TGCTCCAGTACTTCAAGATrTTAGGTCATTAAATO 

AACAAAGAAACACACAGCTCATTTCTCAAAAAAAGGGGAGGAAGAA 

AACTTGGAAGGCTTGGGAAATCAAACCAGCAAATTGTAGAG AAATA T 

GCATGCACCACAAGGAATATCTCC^ 

TCACGCAACGTAGTAAGAGAGCTTTGAAACAATTCAGACTCCCACTA 
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FIG. 65A-3 

GAAGAAACAGAACTTGAAAAAAGGATAATTGTGGATGACACCTCAAC 
CCAGTGGTCCAAykACATGAAACATTTOACCCCGAGCACCCTCACAC 
AGATAGACTACAATGAGAAGGAGAAAGGGGCCAirACTCAGTCTCCC 
TTATCAGATTGCCTTACGAGGAGTCATAGCATCCCTCAAGCAAATAGA 

TCTCCATTAGCCATP 
TATATCTGACCAGGGTCCTATTC^ 

CAGCAIUTTATAGAAAGAAAGATTCTGGGGTCCAAGAA^ 

TTCTTACAAGGAGCXJAAAAAAAATAACC^ 

TTGGAGATCACTGGTGATCAAAGAGAGGTTGGCTC 

TGCCACAAATTCAGTCACATACAAGAAAGTTGAGAAC^CmiTCTCCC 

GAAACCAGACTTGCCCAAAACAiurGGCAAAGTTOAATTO 

AAGITCACATTTATCAGAAGGACCTATTCCCTACGGAA^ 

GGTCTCCTCGCCAlUrGGATCTCCT 

CAGAGGGAGCGATTAAGTGGAATOAAGCAAA^^ 

TCCCnTTCTOAGAGTAGCAAC^ 

GCTATTOGATCCTCTTCCTIGGGATAAC^ 

AAAAGAAGAGTGGAAATCCCAAGAGAAGTCACCAGAAAAAACAGCT 
' TTTAAGAAAAAGGATACCATTTTGTCC^ 

CATGCAATAGCAGCAATAAATCAGGGACAAAATAAGCCCGAAATAG 

AAGTCACCTGGGCAAAGCAAGGTAGGACTGAAAGGCTGTGCIUTC 

AACCCACCAGTOTTOAAACGC^ 

TCITCAGTCAGATCAAGAGGAAATTO 

TGAAATGAAGAAGGAAGATTTTGACATT^ 

AGAGCCCCCGCAGOTO€AAAAGAA 

CAGTOGAGAGGCKTOGGATTATCGGATGAGTAG 

CTAAGAAACAGGGCTCAGAGTGGCAGTGTCCCTCAGTTCAAGAAAGT 

TGTTTTCCAGGAATrTACTOATGGCTCCT 

GGAGAAOAAATGAACAITIGGGACTC 

AGAAGTTGAAGATAATATCATCGTA^CrTTCAG 

GTCCOTATTCOTIPOTAT^ 

GCAAGGAGCAGAAOCTAGAAAAAACITIGTCAAGO 
AAACirACTTTTOGAAAGTCCAACATCATATGGCACCCACT 
GAGTTFGACTGCAAAGCCinGGGC^ 
AAAGATGTOCACTCAGGCCTOATTOG 

AACACACTGAACCCTCCTCATGGGAGACAAGTGACAGTACAG^ 
TGCltnGTITTTCACCAT^^ 

GAAAATATGGAAAGAAACIGCAGGGCTCCCTOCAATATO 

AGATCCCACTTTTAAAGAGAAWATCGC1TCCATGCAATCAATGGCT 

CATAATGGATACACTACCIXKjCTTAGTAATGGCTCAGGATCAAAGGA 

TTCGATGGTATCTGCTCAGCATGGGCAGCAATOAAAACATCCATl^ 

ATTCAITTCAGTCGACATGTGTTCACrGTACGAA^ 

TAAAATGGCACTGTACAATCTCTATCCAGGTGOTJllGAGACAGTGGA 
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FIG.65A-4 • ■ 

AATGTTACCATCCAAAGCTCGAAT^ 
CGAGCATCTACATGCTOGGATGACTCACACTTTTTCT 
TAAGTGTCAGACTCCCCTGGGAATCMjCTTCTGGACACATrAGAGAm • 
TCAGATTACAGCTTCAGGACAATATGGACAGTGGGCCCGAAAGCTGG 

CCAGACITCATTATTCCG^^ 
CCOTFFTCTTGGATCAATO 

GC^ATCAAGACCCAGGGTCCCCGTCAGAAGTTOT 

CIUTCAGTTTATCATCATGTATAG^ 

CTTAirajAGGAAATTOCACTOGAACOT 

TGGATTCATCTGGGATAAAACACAATATTTTTAACCCTCCA . 

CnrOGATACATCCGTTTGCACCCAACrcAT^ 

TTOjCATGGAGTTGATGOGCTGTGATTTAAATAGT^^ 

TCGGAATGGAGAGTAAAGCAATATCAGATO^ 

TCCTACTITACCAATATGTTT^ 

CTTCACCTCCAAGGGAGGAGTAATGCCTCGAGACCTC 

to:aaaagagtcgctccaagtggacwcx;agaagacaatgaaagtca 

caggagtaactactcagggagtaaaatctctgcttaccagcatgtat 

gtgaaggagttco^atci^cagcagtc aagatg gcca 

ctccitcacacctgtggtgaaclurctagaccca 

CTACCTTCGAATTCAilX^ 

GATTOAGGTTCTGGGCnrGCGAGaCACAGGACCTCTACTC 

GACIOCAGCACCTGOCA^ 

GCAGTGTCCCTCGCTCGCT^^ 

AGACACTGCXJIITCAAGCCTO^GAATTAACT 

1OTTOGTO0GGGGCCAGGAGGGTGCA1TO 

OTATITTiaGC^^ 

AGGCAAAAAGAAGTOAGGAGAAACCTGCATO 
AAAAGTIAGGCOTJI^^^ 

ATGTGATCAAACTTTGAAAAAGATATTTATGATCTTAAC ATTTCAGGT 

TAAGCCTCATACGTTTAAAATAAAACTCT^AGTTGTCT 

TCAAGCATGGAACAAAGCATGTTTCAGGATCAGATCAATACAATCTT 

GGAGTCAAAAGGCAAATCAirrGGACAAlUTOCAAAATOGAG 

TACAATAACTACTACAGTAAAGTCTGT1TCTGCTTCCTT 

TATAATTATOTTATTTAGTCA^ 

AACTAGCATTCTTAAACroAGAATrATAGATGGGGTO 

TAAGTCCCCTGAAA1TATATAAGGCATTCTGTATAAATGCAAATGTGC 

ATnTTCTOACGAGTGTCCATAGATATAAAGCCATTTGGT 

GACCAATAAAAAAATAAGTCAGGAGGATGCAATTGTTGAAAGCTTTG 

AMTAAAATAACAATGTCTTCTTOAAATTO 

AAATGATGA 
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FIG. 65B-1 

Met Gin He Glu Leu Ser Thr Cys Phe Phe Leu Cys Leu Leu Arg Phe Cys Phe Ser 
Ala Thr Arg Arg Tyr Tyr Leu Gly Ala Val Glu Leu Ser Tip Asp Tyr Met Gin Sea- 
Asp Leu Gly Glu Leu Pro Val Asp Ala Arg Phe Pro Pro Aig Val Pro Lys Ser Phe 
Pro Phe Asn Thr Ser Val Val Tyr Lys Lys Thr Leu Phe Val Glu Phe Thr Asp His 
Leu Phe Asn lie Ala Lys Pro Arg Pro Pro Tip Met Gly Leu Leu Gly Pro Thr Me 
Gin Ala Glu Val Tyr Asp Thr Val Val He Thr Leu Lys Asm Met Ala Ser His Pro 
Val Sec Leu His Ala Val Gly Val Ser Tyr Tip Lys Ala Ser Glu Gly Ala Glu Tyr 
Asp Asp Gin Thr Ser Gin Arg Glu Lys Glu Asp Asp Lys Val Phe Pro Gly Gly 
Ser His Thr Tyr Val Tip Gin Val Leu Lys Glu Asn Gly Pro Met Ala Ser Asp Pro 
Leu Cys Lai Thr Tyr Ser Tyr Leu Ser His Val Asp Leu Val Lys Asp Leu Asn 
Ser Gly Leu He Gly Ala Leu Leu Val Cys Arg Glu Gly Ser Leu Ala Lys Glu Lys 
Thr Gin Thr Leu His Lys Phe He Leu Leu Phe Ala Val Phe Asp Glu Gly Lys Ser 
Trp His Ser Glu Thr Lys Asn Ser Leu Met Gin Asp Arg Asp Ala Ala Ser Ala Arg 
Ala Tip Pro Lys Met His Thr Val Asn Gly Tyr Val Asn Arg Sea: Leu Pro Gly Leu 
He Gly Cys His Arg Lys Sea: Val Tyr Trp His Val He Gly Met Gly Thr Thr Pro 
Glu Val His Ser He Phe Leu Glu Gly His Thr Phe Leu Val Arg Asn His Arg Gin 
Ala Ser Leu Glu lie Ser Pro He Thr Phe Leu Thr Ala Gin Thr Leu Leu Met Asp 
' Leu Gly Gin Phe Leu Leu Phe Cys His He Ser Ser His Gin His Asp Gly Met Glu 
Ala Tyr Val Lys Val Asp Ser Cys Pro Glu Glu Pro Gin Leu Arg Met Lys Asn 
Asn Glu Glu Ala Glu Asp Tyr Asp Asp Asp Lena Thr Asp Ser Glu Met Asp Val 
Val Arg Phe Asp Asp Asp Asn Ser Pro Ser Phe He Gin le Arg Ser Val Ala Lys 
Lys His ProLysThr Trp Val EEs Tyr le Ala Ala Glu Glu Glu Asp Tip Asp Tyr 
Ala Pro Leu Val Leu Ala Pro Asp Asp Arg Ser Tyr Lys Ser Glm Tyr Leu Asm 
Asn Gly Pro Gin Arg He Gly Arg Lys Tyr Lys Lys Val Arg Phe Met Ala Tyr Thr 
Asp Glu Thr Phe Lys Thr Arg Glu Ala He Gin EEs Glu Se? Gly He Leu Gly Pro 
Leu Leu Tyr Gly Glu Val Gly Asp Thr Leu Leu He He Phe Lys Asn Glm Ala Ser 
Aig Pro Tyr Asm He Tyr Pro His Gly He Thr Asp Val Arg Pro Leu Tyr Ser Arg 
Arg Leu Pro Lys Gly Val Lys EEs Leu Lys Asp Phe Pro He Leu Pro Gly Glu He 
Phe Lys Tyr Lys Tip Thr Val Thr Val Glu Asp Gly Pro Thr Lys Ser Asp Pro Arg 
Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg Asp Leu Ala Ser 
Gly Leu He Gly Pro Leu Leu He Cys Tyr Lys Glu Ser Val Asp Gin Arg Gly Asa 
Gin He Met Ser Asp Lys Arg Asn Val He Leu Phe Ser Val Phe Asp Glu Asm Arg 
Ser Tip Tyr Leu Thr Glu Asn He Gin Arg Phe Leu Pro Asm Pro Ala Gly Val Gin 
Leu Glu Asp Pro Glu Phe Gin Ala Ser Asn He Met EEs Ser He Asn Gly Tyr Val 
Phe Asp Ser Leu Gk Leu Ser Val Cys Leu EEs Glu Val Ala Tyr Tip Tyr He Leu 
Ser He Gly Ala Gin Thr Asp Phe Leu Ser Val Phe Phe Ser Gly Tyr Thr Phe Lys 
EEs Lys Met Val Tyr Glu Asp Thr Leu Thr Leu Phe Pro Phe Ser Gly Glu Thr Val 
Phe Met Ser Met Glu Asn Pro Gly Leu Tip He Leu Gly Cys EEs Asn Ser Asp Phe 
Arg Asn Arg Gly Met Thr Ala Leu Leu Lys Val Ser Ser Cys Asp Lys Asn Thr 
Gly Asp Tyr Tyr Glu Asp Ser Tyr Glu Asp He Ser Ala Tyr Leu Leu Ser Lys Asn 
Asn Ala He Glu Pro Arg Ser Phe Ser Gin Asm Ser Arg EEs Arg Ser Thr Arg Gin 
Lys Gin Phe Asn Ala Thr Thr He Fro Glu Asn Asp He Glu Lys Thr Asp Pro Tip 
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FIG. 65B-2 

Phe Ala His Arg Thr Pro Met Pro Lys lie Glm Asn Val Ser Ser Ser Asp Leu Leu 
Met Leu Leu Arg Glm Ser Pro Thr Pro His Gly Leu Ser Leu Ser Asp Leu Gin Glu 
Ala Lys Tyr Glu Thr Phe Ser Asp Asp Pro Ser Pro Gly Ala He Asp Ser Asn Asn 
Ser Leu Ser Glu Met Thr His Phe Arg Pro Gin Leu His His Ser Gly Asp Met Val 
Phe Thr Pro Glu Ser Gly Leu Gin Leu Arg Leu Asn Glu Lys Leu Gly Thr Thr 
Ala Ala Thr Glu Leu Lys Lys Leu Asp Phe Lys Val Ser Ser ThrSer Asn AsnLeu 
le Ser Thr lie Pro Ser Asp Asn Leu Ala Ala Gly Thr Asp Asm Thr Ser Ser Leu 
Gly Pro Pro Ser Met Pro Val EEs Tyr Asp Ser Gin Leu Asp Thr Thr Leu Phe Gly 
Lys Lys Ser Ser Pro Leu Thr Glu Ser Gly Gly Pro Leu Ser Leu Ser Glu Glu Asn 
Asn Asp Ser Lys Leu Leu Glu Ser Gly Leu Met Asn Ser Gin Glu Ser Ser Trp Gly 
Lys Asn Val Ser Ser Thr Gnu Ser Gly Arg Leu Phe Lys Gly Lys Arg Ala His Gly 
Pro Ala Leu Leu Thr Lys Asp Asm Ala Leu Phe Lys Val Ser He Ser Leu Leu 
Lys Thr Asn LysThrSer Asn Asm Ser Ala Thr Asn Arg Lys Thr His He Asp 
Gly Pro Ser Leu Leu le Glu Asm Ser Pro Ser Val Trp Glm Asn le Leu Glu Ser 
Asp Tiff Glu Phe Lys Lys Val Thr Pro Leu le His Asp Arg Met Leu MetAsp 
Lys Asn Ala Thr Ala Leu Arg Leu Asn His Met Ser Asn Lys Thr Thr Ser Ser 
Lys Asn Met Glu Met Val Gin Glm Lys Lys Glu Gry Pro Be Pro ProAspAla 
Gin Asn Pro Asp Met Ser Phe Phe Lys Met Leu Phe Leu Pro Glu Ser Ala Arg 
Trp le Gin Arg Thr His Gly Lys Asn Ser Leu Asn Ser Gly Gin Gly Pro Ser Pro 
Lys Glm Leu Val Ser Leu Gly Pro Glu Lys Ser Val Glu Gly Gin Asn Phe Leu 
SerGlu Lys.AsnLysVal Val Val Gly Lys Gly Glu Phe Thr Lys Asp Val Gly 
' LeuLysGluMet Val Phe Pro Ser Ser Aig Asm Leu Phe Leu ThrAsnLeuAsp 
Asn Leu His Glu Asn Asm Thr His Asn Glm Ghi Lys Lys fle Gin Glu Glule 
Glu Lys Lys Glm Thr Leu fle Glm Ghu Am. Val Val Leu Pro Glm Me His Thr 
Val Thr Gly Thr Lys AsmPhe .MetLys Asn Leu Phe Leu Leu Ser Thr Arg Gin 
Asm Val Glu Gly Ser Tyr Asp Gly Ala Tyr Ala Pro Val Leu Gin Asp Phe Arg 
SerLeuAsnAsp Ser Thr Asm Arg Thr Lys Lys His Thr Ala HisPheSerLys 
Lys Gly Glu Glu Glu Asm Leu Glu Gly Leu Gly Asa Glm Thr Lys Glm He Val 
Glu Lys Tyr Ala Cys Thr Thr Arg leSerPro Asm Thr Ser Gin Glm Asm Phe 
Val Thr Glm Arg Ser Lys Arg Ala Leu Lys Glm Phe ArgLeuPro Leu Glu Glu 
ThrGlu Leu Glu Lys Arg Me le Val Asp Asp Thr Ser Thr Glm Trp Ser Lys Asn 
MetLysHis Leu Thr Pro Ser Thr Leu Thr Glm le Asp Tyr Asn Glu Lys Ghi 
Lys Gly Ala fle Thr Glm Ser Pro Leu Ser Asp Cys Leu Thr Arg Ser His Ser le 
Pro Gin Ala Asn Arg Ser Pro Leu Pro le Ala Lys Val Ser Ser Phe Pro Ser le 
ArgPro le Tyr Leu Thr Arg Val Leu Phe Gin Asp Asn Ser Ser His Leu Pro 
Ala Ala Ser Tyr ArgLysLys Asp Ser Gly Val Gin Glu Ser SerffisPheLeu 
Gin Gly Ala Lys Lys Asm Asn Leu Ser Leu Ala fle Leu Thr Leu Glu Met Thr 
Gly Asp Gin Arg Ghi Val Gly Ser Leu Gly Thr Ser Ala Thr Asn Ser Yal Thr 
Tyr Lys Lys Val Glu Asm Thr Val Leu Pro Lys Pro Asp Leu Pro LysThrSer 
GlyLys Val Glu Leu Leu Pro Lys Val His le Tyr Glm Lys Asp Leu Phe Pro 
ThrGlu ThrSer Asn Gly Ser Pro Gly His Leu Asp Leu Val GluGHySerLeu 




03/03114164 



FCT/HJS02/322(S3 



266/34; 



FIG. 65B-3 



Leu GlnGlyThrGluGly Ala Be Lys Tap Asn Gfai Ala Asm Arg Pro GlyLys 
Val Pro Phe Arg Val Ala Thr Glu Ser Ser Ala Lys Thr Pro Ser Lys Leu 
Leu Asp Pro Leu Ala Trp Asp Asm EEs Tyr Gly Thr Glm He Pro LysGluGlu 
TrpLys Ser Gto Glu Lys Ser Pro Glu Lys Thr Ala PheLysLys'Lys AspThrUe 
Leu Ser Lee Asa Ala Cys Glu Ser Asn His Ala Be Ala Ala lie Asn Glu Gly 
Gin Asn Lys Pro Glu Be Glu Val Thr Trp Ala Lys Glm Gly Arg ThrGluArg 
Leu Cys Ser GHm Asm Pro Pro Val Leu Lys Arg Us Glm Arg Glu Be Thr Arg 
Thr Thr Leu Gin Ser Asp Gin Glu Glu Me Asp Tyr Asp Asp Tiff lie Ser Val Glu 
Met Lys Lys Glu Asp Phe Asp le Tyr Asp Glu Asp Glu Asn Gin Ser Pro Arg 
Ser Phe Gin Lys Lys Thr Arg His Tyr Phe lie Ala Ala Val Glu Arg Leu Trp Asp 
Tyr Gly Met Ser Ser Ser Pro EEs ValLeuArg Asn Arg Ala Gin Ser Gly Ser Val 
Pro Gin Phe Lys Lys Val Val Phe Glm Glu Phe Thr Asp Gly Ser Phe Thr Gin Pro 
Leu Tyr Arg Gly Glu Leu Asn Glu EEs Leu Gly Leu Leu Gly Pro TyrDeArg 
Ala Glu Val Glu Asp Asm lie Met Val Thr Phe Arg Asn Glm Ala Ser Arg Pro 
Tyr Ser Phe Tyr Ser Ser Leu He Ser Tyr Glu Glu Asp Glm Arg Glm Gly Ala Glu 
Pro Arg Lys Asm Phe Val Lys Pro Asm Glu Thr Lys Thr Tyr Phe TrpLys Val 
GlmEQs His Met Ala Pro Thr Lys Asp Glu Phe Asp Cys Lys Ala Trp Ala Tyr 
.Phe Ser Asp Val Asp Leu Glu Lys Asp Val His Ser Gly Leu He Gly Pro Leu 
Leu Val Cys His Thr Asm Thr Leu Asn Pro Ala His Gly Arg Gin Val Thr Val Gin 
Glu Phe Ala LeuPhe Phe Thr Be Phe Asp Glu Thr Lys Ser Trp Tyr Phe Thr Glu 
AsmMetGlu Arg Asm Cys Arg Ala Pro Cys Asm lie Glm Met Glu Asp Pro Thr 
Phe Lys Glu Asn Tyr AigPheHis AlaBeAsmGly Tyr le Met Asp Thr Leu Pro 
Gly Leu Val Met Ala Glm Asp Glm Arg Me Arg Trp Tyr Leu Leu Ser Met Gly 
Ser Asm Glu Asn Be EEs Ser le EEs Phe Ser Gly His Val Phe Thr Val Arg Lys 
Lys Glu Glu Tyr Lys Met Ala Leu Tyr Asm Leu Tyr Pro Gly Val Phe Glu Thr 
Val Glu Met Leu Pro Ser Lys Ala Gly fle Trp Arg Val Glu Cys Leu le Gly Glu 
His Leu EEs Ala Gly Met Ser Thr Leu Phe Leu ValTyrSer AsmLysCysGlnThr 
ProLeuGlyMetAlaSerGlyHisHe Arg AspPheGlm le Thr Ala Ser Gly Gin 
Tyr Gly Glm Trp Ala Pro Lys Leu Ala Arg Leu EEs Tyr Ser Gly Ser lie Asm Ala 
Tup Ser Thr Lys Glu ProPheSerTspB© Lys Val Asp Leu Leu AlaProMetle 
le EEs Gly He Lys Thr Glm Gly Ala Arg Glm Lys Phe Ser Sea: Leu TyrBeSer 
Glm Phe Bole Met Tyr Ser Leu Asp Gly Lys Lys Trp Glm Thr Tyr Arg Gly 
Asn Ser Thr Gly Thr Leu Met Val Phe PheGlyAsm Val Asp SerSerGlyle 
Lys His Asm Be Phe Asm Pro Pro Be Be Ala Arg Tyr Be Arg Leu EEs Pro Thr 
His Tyr Ser Be Arg Ser Thr Leu Arg Met Glu Leu Met Gly Cys Asp Leu Asm 
Ser Cys Ser Met Pro Leu Gly Met Glu Ser Lys Ala Be Ser Asp Ala Glm Be Thr 
Ala Ser Ser Tyr Phe Thr Asn Met Phe Ala Thr Trp Ser Pro Ser Lys Ala Arg Leu 
His Leu Glm Gly Arg Ser Asm Ala Trp Arg Pro Glm Val Asm Asm Pro Lys Glu 
Trp Leu Gin Val Asp Phe Glm Lys Thr Met Lys Val Thr Gly Val Thr Thr Glm 
Gly Val Lys Ser Leu Leu Thr Ser Met Tyr Val Lys Glu Phe Leu Be Ser Ser Ser 
Glm Asp Gly EEs Glm Trp Thr Leu Phe Phe Glm Asn Gly Lys Val Lys Val Phe 
Glm Gly Asm Glm Asp Ser Phe Thr Pro Val Val Asn Ser Leu Asp Pro Pro Leu 
Lot Thr Arg Tyr Leu Arg Be EEs 
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FIG.65B-4 

Pro Gin Ser Trp Val His Gin lie Ala Leu Arg Met Glu Val Leu Gly Cys Glu 
Ala Gin Asp Leu Tyr 
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FIG. 66A 



GCGCGCCTGCTTCTCT^^ 

AATOAACTTCATCAAGTIOCATC^ 

ACATGTGTGTCCAACAAGTACTIU^ 

CCAAAGAAATTCGGAGGGCAGCACTCTGAAATAGATAAGTC 



CTGCnV**** — .- — » - 
ACACCATGGGCCGGCCOGCCT^^ 

AGC AAACGTACCATGCOTA^^ 

GGAAACATAATTACTGCAGGAACCCAGACAACCGGAGGCGACCCTGG 

TGCTATGTGCAGGTOGGCCTAAAGCCGCrTGTCCAAGAGTW 

GCATGACTGCGCAGATGGAAAAAAGCCCTOCTCTO 

TAAAATTTCAGTOTCGOCAAAAGACTCTGAGGCCCCGCT^ 

TroCKSGGAGAATTCACCACCATCGAGAACCAGCCCT 



CAGCCTCATCAGCTCrroCTCGGTGATCAG^ 
TOATTAGCCAAAGAAGGAGGACTACATC^ 
GCOTAACTCCAACACGCAAGGGGAGATGAAGTTTGAGGTO 
CT€ATCCTACACAAGGACTACAGCGCTOACACGCTTGCTC 

GACATTOCOTTOCTOAAGA 
GOCATCXXXKiACTAT^^ 

TO3CCAGTTTGGCACAAGCTGTCAGATCACIGGCT 

ATICTA0CXMOTATC1ICT 

AGCTGATTTCCCAra^ 

AAGTCACCAGCAAAATCCTGTOT 

GAWCCIGCCAGGGAGACTCAGGGGGACCXCITO 

GGCCGCATGACTTTOACTCGAATTGTGAGCnfGGG 

CCTGAAGGACAAGCCAGGCGTCTACACGAGAGTCTCACACTTCTTAC 



GGGTCCCCAGGGAGGAAACGGGCAC^^^ 

ATTTITGCAGTAGAGTCATCTCCATCAGCTGTAAGAAGAGACTGGGA 
AGAT 
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FIG. 66B 

Met Arg Ala Leu Leu Ala Arg Leu Leu Leu Cys Val Leu Val Val Ser Asp Ser 
Lys Gly Ser Asn Glu Leu His Gin Val Pro Ser Asn Cys Asp Cys Leu Asn Gly 
GlyThr Cys Val Ser Asn Lys Tyr Phe Ser Asn He His Tip Cys Asn Cys Pro Lys 
Lys Phe Gly Gly Gin His Cys Glu lie Asp Lys Ser Lys Thr Cys Tyr Glu Gly Asn 
Gly His Phe Tyr Arg Gly Lys Ala Ser Thr Asp Thr Met Gly Arg Pro Cys Leu Pro 
Tip Asn Ser Ala Thr Val Leu Gin Gin Thr Tyr His Ala His Arg Ser Asp Ala Leu 
Gin Leu Gly Leu Gly Lys His Asn Tyr Cys Arg Asn Pro Asp Asn Arg Arg Arg 
Pro Tip Cys Tyr Val Gin Val Gly Leu Lys Pro Leu Val Gin Glu Cys Met Val His 
Asp Cys Ala Asp Gly Lys Lys Pro Ser Ser Pro Pro Glu Glu Leu Lys Phe Gin Cys 
Gly Gin Lys Thr Leu Arg Pro Arg Phe Lys lie lie Gly Gly Glu Phe Thr Thr lie 
Glu Asn Gin Pro Trp Phe Ala Ala lie Tyr Arg Arg His Arg Gly Gly Ser Val Thr 
Tyr Val Cys Gly Gly Ser Leu He Ser Pro Cys Trp Val lie Ser Ala Thr His Cys 
Phe lie Asp Tyr Pro Lys Lys Glu Asp Tyr lie Val Tyr Leu Gly Arg Ser Arg Leu 
Asn Ser Asn Thr Gin Gly Glu Met Lys Phe Glu Val Glu Asn Leu He Leu His Lys 
Asp Tyr Ser Ala Asp Thr Leu Ala His His Asn Asp lie Ala Leu Leu Lys fle Arg 
Ser Lys Glu Gly Arg Cys Ala Gin Pro Ser Arg Thr lie Gin Thr lie Cys Leu Pro 
Ser Met Tyr Asn Asp Pro Gin Phe Gly Thr Ser Cys Glu lie Thr Gly Phe Gly Lys 
. Glu Asn Ser Thr Asp Tyr Leu Tyr Pro Glu Gin Leu Lys Met Thr Val Val Lys 
Leu lie Ser His Arg Glu Cys Gin Gin Pro His Tyr Tyr Gly Ser Glu Val Thr Thr 
Lys Met Leu Cys Ala Ala Asp Pro Gin Trp Lys Thr Asp Ser Cys Gin Gly Asp 
Ser Gly Gly Pro Leu Val Cys Ser Leu Gin Gly Arg Met Thr Leu Thr Gly He Val 
Ser Trp Gly Arg Gly Cys Ala Leu Lys Asp Lys Pro Gly Val Tyr Thr Arg Val Ser 
His Phe Leu Pro Trp lie Arg Ser His Thr Lys Glu Glu Asn Gly Leu Ala Leu 
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FIG.67A 

TCCTGCACAGGCAGTGCCTTGAAGTGCTTCTTCAGAGACCTTTCTTCA 

TAGACTA CmilTll €TTTAAGCAGCAAAAGGAGAAAATTGTCATCA 

AGGATATTCCAGATTCITGACAGCATTCrrcGTCATCTCTGAGGACATC 

ACCATCATCTCAGGATGAGGGGCATGAAGCTGCTGGGGGCGCTGCTG 

GCACTGGCGGCCCTACTGCAGGGGGCCGTGTCCCTGAAGATCGCAGC 

CTTCAACAT(XAGACATTTGGGGAGACCAAGATGTCCAATGCCACCCT 

CGTCAGCTACATTGTGCAGATCCTGAGCCGCTATGACATCGCCCKKjT 

CCAGGAGGTCAGAGACAGCCACCTGACTGCCGTGGGGAAGCTGCTGG 

ACAACCTCAATCAGGATGCACCAGACACCTATCACTACGTGGTCAGT 

GAGCCACTGGGACGGAACAGCTATAAGGAGCGCTACCTGTTCGTGTA 

CAGGCCTGACCAGGTGTCTGCGGTGGACAGCTACTACTACGATGATG 

GCTGCGAGCCCTIXjCGGGAACGACACCrTCAACCGAGAGCCAGCCATT 

GTCAGGTTCITCTCX^CGGTTCACAGAGGTCAGGGAGTTTGCCATTGTT 

CCCCTGCATGCGGCCCCGGGGGACGCAGTAGCCGAGATCGACGCTCT 

CTATGACGTCTACCTGGATGTCCAAGAGAAATGGGGCTTGGAGGACG 

TCATGTTGATGGGCGACTTCAATGCGGGCTGCAGCTATGTGAGACCCT 

C<XAGTGGTCATCCATCCGCCIXj^ 

TGATCC(XGACAGCGCTGACACCACAGCTACACCCACGCACTGTGCCT 

ATGACAGGATCGTGGTTGCAGGGATGCK3C1XXGA 

CCGACT€GGCTCITOXTTrAACnTC 

ACCAACTGGCCCAAGCCATCAGTGACCACTATCCAGTGGAGGTGATG 
CTGAAGTGAGCAGCGCCTCCCCACA(XAGTTGAACTGCAG 
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FIG. 67B 

Met Arg Gly Met Lys Leu Leu Gly Ala Leu Leu Ala Leu Ala Ala Leu Leu Gin 
Gly Ala Val Ser Leu Lys He Ala Ala Phe Asn lie Gin Thr Phe Gly Glu Thr Lys 
Met Ser Asn Ala Thr Leu Val Ser Tyr lie Val Gin lie Leu Ser Arg Tyr Asp lie 
Ala Leu Val Gin Glu Val Arg Asp Ser His Leu Thr Ala Val Gly Lys Leu Leu 
Asp Asn Leu Asn Gin Asp Ala Pro Asp Thr Tyr His Tyr Val Val Ser Glu Pro 
Leu Gly Arg Asn Ser Tyr Lys Glu Arg Tyr Leu Phe Val Tyr Arg Pro Asp <31n 
Val Ser Ala Val Asp Ser Tyr Tyr Tyr Asp Asp Gly Cys Glu Pro Cys Gly Asn 
Asp Thr Phe Asn. Arg Glu Pro Ala He Val Arg Phe Phe Ser Arg Phe Thr Glu Val 
Arg Glu Phe Ala He Val Pro Leu His Ala Ala Pro Gly Asp Ala Val Ala Glu lie 
Asp Ala Leu Tyr Asp Val Tyr Leu Asp Val Gin Glu Lys Trp Gly Leu Glu Asp 
Val Met Leu Met Gly Asp Phe Asn Ala Gly Cys Ser Tyr Val Arg Pro Ser Gin 
Trp Ser Ser He Arg Leu Trp Thr Ser Pro Thr Phe Gin Trp Leu He Pro Asp Ser 
Ala Asp ThrThrAlaThrProThrHisCysAlaTyr Asp Arg lie Val Val Ala Gly 
Met Leu Leu Arg Gly Ala Val Val Pro Asp Ser Ala Leu Pro Phe Asn Phe Gin 
Ala Ala Tyr Gly Leu Ser Asp Gin Leu Ala Gin Ala He Ser Asp His Tyr Pro Val 
Glu Val Met Leu Lys 
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FIG. 68A 

GCTGCATCAGAAGAGGCCATCAAGCACATCACTGTCCTrCTGCCATGG 
(XCTGTGGATGCGCCrcCTGCCCCIXKTTGCKD 

GACCroACCCAGCCGCAGCCTTTGTGAACCAACACCTGTGCGGCTCAC 

A(XTGGTGGAAGCTCTCTACCTAGTGTGCGGG^ 

ACACACCCAAGACCCGCCGGGAGGCAGAGGACCTGCAGGTGGGGCA 

GGTGGAGCTGGGCGGGGGCCXn'GGTGCAGGCAGCCTGCAGCCCTTGG 

CCCTGGAGGGGTCCCTGCAGAAGCGTGGCATTGTGGAACAATGCTGT 

ACCAGCATCTGCTCCCTCTA(XAGCTGGAGAACTACTGCAACT 

CAGCCCGCAGGCAGCCCCCCACCCGCCGCCTCCTGCACCGAGAGAGA 

TGGAATAAAGCCCTTGAACCAGC 



FIG. 68B 

Met Ala Leu Tip Met Arg Lea Leu Pro Leu Leu Ala Leu Leu Ala Leu Tip Gly 
Pro Asp Pro Ala Ala Ala Phe Val Asn Gin His Leu Cys Gly Ser His Leu Val 
GluAlaLeuTyrLeuVal Cys Gly Ghi Arg Gly Phe Phe Tyr Thr Pro Lys Thr 
Arg Arg Ghi Ala Glu Asp Leu Gin Val Gly Gin Val Glu Leu Gly Gly Gly Pro 
Gly Ala Gly Ser Leu Gin Pro Leu Ala Leu Glu Gly Ser Leu Gin Lys Arg Gly lie 
Val Glu Gin Cys Cys Thr Ser He Cys Ser Leu Tyr Gin Leu Glu Asn Tyr Cys Asn 
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FIG. 69 A 

ATCGGAGGTTGGTCTTCCAAACC^ 
TICTGTTCCCAATCCT^ 

GCGTTCGGAGCCAACTCAAACAATCCAGATTGGGACTTCAACCCC 

CAAGGATCACTGGCCAGAGGCAATCAAGGTAGGAGCGGGAGACTTC 

GGGCCAGGGTTCACCCCA^^ 

TCAGGCTCAGGGCATATTGACAACAGTGCCAGCAGCGCCT 

TrrcCACCAATCGGCAGTCAGGAAGACAGCCTACTCCCA 

CTCTAAGAGACAGTCATOCTC 

TTOACCAAGCTCTGCTAGAIO: 

GCIGGTGGCIOIJAGTTCCGGAACAGT^ 

TCACCCATATCGTCAATCTIOT^ 

ATCGAGAGCACAACATCAGGATTCCTAGGACCCCTGCTCGfGTTACA 

GGCGGGGTTITTC1TCTTOACAAGAATC 

AGACTCGTGGTGGACTTCTCTC^ 

TCOGGCCAAAATTCGCAGTCO 

TTCTCCTOCAATTIGTICC^ 

ATCATATTCCTUITCATCC^^ 

TTOIGGACTACXJAAGGTATGTTGCCC^ 

CATCAACTACCAGCACGGGAOCATGCAAGACCTGCACGATTCCTGCT 

CAAGGAACCTCTATOTTTOC^^ 

GGAAACTCCACITCTATirCCCATCCCATC 

TTOCTATOGGAGTCGGCO€AGT^ 

GTCCX^ATFlGTirCAGT^^ 

CAGTTATATOGATOATOTGGTATTO^ 

TGAGTCGCITOT^^ 

ATTTGA 



m Cm) 

WO ®3/0314<M PCT/US02/32263 

. 275/345 



FIG. 70A 

CGAACCACTCAGGGTCCTO 
CAGGCTCCCGGACGTCCCI^^ 
CCIGGCTTCAAGAGGGC^^ 
CirTTOACAAGGCTATGCT^ 

TJGACACCTACCAGGAGTTTGAAGAAGCCTATATCCCAAAGGAACAG 
AAGTATTCATTOCTGCAGAACCCCCAGACCTCCCTCTGTinrCTC 

TCTATTOCGACACCCTOC^ 
(OTAGAGCTGCTCCGCATCTrcCCTCC^ 

GCQCGTGCAGTTCC^^ 
CX3COUTOACAGCAAOG1UTATCACCTC 
GCATOCAAAOGCTGATCGGGAGGCTGGAAG 
GGGCAGATCTTCAAGC^^ 

CAACGATGACGCACTACTCA^GAACTACGGGCTGCTCTACTGCTTCAG 
GAAGGACATGGCAAGGTCGAGACATTCCTGCGCATCGTCCAGTGCCG 
CIUrGTCGAGGGCAGCrGTGGCTTCrA 
TGACCCCTCCCCAGTGCOTOT 

GCCCACCAGCCTTGTCOAATAAAATTAAGTTGCATC 



ELG. 70B 

Met Ala Thr Gly Ser Arg Ttar Ser Lot Lot Lot Ala Phe Gly Lai Leu Cys Leu 
Pro Irp Lai Gin Gto GUy So: Ala Phe Pra Tt» Ee Pro l^u Ser Arg Pro Phe Asp 
Asa Ala Met Lai Arg Ala His Arg Lot His Gto Lot AkPhe AspThrTyr Gto 
Gto Phe Glii Gin Ala Tyr le Pro Lys Gto Glii Lys Tyr Ser Phe Lot Gto Am Pro 
Gto Thr Ser Lot Cys Phe Ser Gto Ser le Pro Thr Pro Ser Asa Arg Gto Glu Thr 
Gto Gto Lys Ser Asia Leu Gto Lot Lot Arg le Ser Lot Lew Leu He Gto Ser Tftp 
Lot Gto Pro Val Gto Phe Lot Arg Ser Val Phe Ala Asm Ser Lot Val Tyr Gly Ala 
Ser Asp Ser Asm Val Tyr Asp Lot Lot Lys Asp Lot Gto Gto Gly He Gto Thr Leu 
Met Gly Arg Leu Gto Asp Gry Ser Pro Arg Thr Gly Gto He Phe Lys Gto Thr Tyr 
Ser Lys Phe Asp Thr Asn Ser His Asn Asp Asp Ala Leu Leu Lys Asm Tyr Gly 
Leu Leu Tyr Cys Phe Arg Lys Asp Met Asp Lys Val Glm Thr Phe Leu Arg le 
Val Gto CysArg Ser Val Gto Gly Ser Cys Gly Phe 
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FIG. 74A 

GACATCT1GCTGACTCAGTCTO 

GAAAGAGTCAGTIlOrCCTC^ 

ATCCACTGGTATCAGCAAAGAACAAAT^ 

AAGTATGCTTCHTGAGT^ 

AGTGGATCAGCKjACAGATTTTACTCTTAGCATC 

GAAGATATTGCAGATTAWACTGTCAACAAAGTCATAGCTGGCCATTC 

ACGTTCGGCTCGGGGACAAATnGGAAG 

GGAGTCTGGAGGAGGCITCGTGCAACCTGGAGGATC 

CCTG1GTTGCC1UIGGATI€ATTTTCAG 

TOSGGCAGTCTC^AGAGAAGGGGC^ 

TCAAAATOTATTAAI1OTGCAACACAW 

AGGTTCAOCA10€AAGAGATGATTCCAAAAGTOCTGTCTACCTG^ 
ATGACCGACTTAAGAACTGAAGACACTGGCGTWATTACTG 
AATTACTACGGTAGTACCTACGACTACTGGGGCCAAGGCACCACTCTC 
ACAGTCTCC 



MG„ 74B 

Asp Me Lena Lot Tmr. Gin Ser Pro Ala Me Lot Ser Val Ser Fro Gly Gta Aig Val 
Ser PIte Ser Cys Aig Ala Ser Gto Fhe Val Gly Ser Ser M© lEMs Tip Tyr Gim Gta 
Aig Ite Asm Gly Ser Pro Aig Lot Lem Me Lys Tyr Ala Ser Gta Ser Met Ser Gly 
1© Pro Ser Aug Hue Ser Qy Ser Gly Ser Gly Ttar Asp Pise Tkr Lot Ser Me Asm 
Hk Val Gin Ser Gta Asp le Ala Asp Tyr Tyr Cys GtoGfaSerHiisSerTrpPro 
Plhe Tmr Fhe Gly Ser Gly Thr Asm Lem Gta Val Lys Gta Val Lys Lem Gto Gta Ser 
Gly Gly Gly Lem Val Gto Pro Gly Gly Ser Met Lys Lem Ser Cys Val Ala Ser Gly 
PfoelePmeSer AmESs Tip Met Asm Tro Val Arg Gto Ser Pro Gto Lys Gly Leu 
Glu Tip Val Ala Gta He Arg Ser Lys Ser Me Asm Ser Ala Thr His Tyr Ala Glu 
Ser Val Lys Gly Arg Phe Thr Me Ser Aig Asp Asp Ser Lys Ser Ala Val Tyr 
LeuGta Met Ttar Asp Lem Arg Thr Gta Asp Thr Gly Val Tyr Tyr Cys Ser Arg 
Asm Tyr Tyr Gly ~Ser Tmr Tyr Asp Tyr Tip Gly Gto Gly Tmr Tmr Lem Thr Val Ser 
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FIG.75A 

ATGGAGACAGACACACTCCTGTTATGGGTGCTGCTGCTCTGGGTTCCA 

GGTTCCACTGGTGACGTCAGGCGAGGGCCCCGGAGCCTGCGGGGCAG 

GGACGCGTCCAGCCCCCACGCCCTGCGTCCCGGCCGAGTGCTrCGACC 

TGCTGGTCCGCCACTGCGTGGCCTGCGGGCTCCTGCGCACGCCGCGGC 

CGAAACCGGCCGGGGCCAGCAGCCCTGCGCCCAGGACGGCGCTGCAG 

CCGCAGGAGTCGGTGGGCGCGGGGGCCGGCGAGGCGGCGGTCGACA 

AAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGA 

CCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATC 

TCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGA 

AGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGC 

ATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTA 

CCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGG 

CAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCA 

TCGAGAAAACCATCTCXAAAGCCAAAGGGCAGCCCCGAGAACCACAG 

GTGTACACCCTG<XCX^CATCCCGGGATGAGCTGACCAAGAACCAGGT 

CAGCCTGACCTGCCIXK3TCAAAGGCTTCTATC 

GGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACG 
CCTCCCGTGTTGGACTCCGACGGCTCCnTCTTOZriCT 
ACCGTCGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTC 
TOTGATGCATOAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCT 

CCCTGTCTCCCGGGAAATGA 



WO 03/031464 PCT/US02/32263 



282/345 



FIG. 75B 



Met Glu Thr Asp Thr Leu Leu Leu Trp Val Leu Leu Leu Tip Val Pro Gly Ser 
Thr Gly Asp Val Arg Arg Gly Pro Arg Ser Leu Arg Gly Arg Asp Ala Pro Ala 
Pro Thr Pro Cys Val Pro Ala Ghi Cys Phe Asp Leu Leu Val Aig His CysValAla 
Cys Gly Leu Leu Aig Thr Pro Arg Pro Lys Pro Ala Gly Ala Ser Ser Pro Ala Pro 
Arg Thr Ala Leu Gin Pro Gin Ghi Ser Val Gry Ala Gly Ala Gly Glu Ala Ala Val 

Asp Lys Thr IBs Thr Cys Pro Pro Cys Pro Ala Pro Ghi Leu Leu Gly Gly Pro Ser 
Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met He Ser Arg Thr Pro Glu 
Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Ghi Val Lys Phe Asn Trp 
Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Aig Glu Glu Gin Tyr 
Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Ghi Asp Tip Leu Asn 
Gly Lys Ghi Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lie Glu Lys 
Thr lie Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro 
Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly 
Phe Tyr Pro Ser Asp He Ala Val Ghi Trp Glu Ser Asn Gly Gin Pro Ghi Asn Asn 
Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 
Leu Thr Val Asp Lys Ser Arg Tip Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met 
His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 
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FIG. 76 

Asp He Gin Met Thr Gin Thr Thr Ser S er Leu Ser Ala Ser Leu Gly Asp Arg Val 
Thr lie Ser Cys Arg Ala Ser Gin Asp lie Am Asn Tyr Leu Asn Tip Tyr Gin Gin 
Lys Pro Asp Gly He Val Lys Leu Leu lie Tyr Tyr Thr Ser Thr Leu His Ser Gly 
Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr lie Ser 
AsnLeuGluGlnGluAspneAlaThrTyrPheCys Gin Gin Gly Asn Thr Leu Pro 
Tip Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys 
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FIG. 77 

Gin Val Gin Leu Gin Gin Ser Gly Ala Glu Leu Val Gly Pro Gly Thr Ser Val Arg 
ValSerCysLys Ala SerGlyTyr AlaPheThrAsn TyrLeuEe Glu Tip Val Lys 
Gin Arg Pro Gly Gin Gly Leu Glu Tip He Gly Val He Tyr Pro Gly Ser Gly Gly 
Thr Asn Tyr Asn Glu Lys Phe Lys Gly Lys Ala Thr Leu Thr Val Asp Lys Ser Ser 
Thr Thr Ala Tyr Met Gin Leu Ser Ser Leu Thr Ser Asp Asp Ser AlaValTyrPhe 
Cys Ala Arg Arg Asp Gly Asn Tyr Gly Trp Phe Ala Tyr Tip Gly Arg Gly Thr 
Leu Val Thr Val Ser Ala 
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FIG. 78 

Asp lie Gin Met Thr Gin Thr Pro SerThr Leu Ser Ala Ser Val Gly Asp Arg Val 
Thr lie Ser Cys Arg Ala Ser Gin Asp lie Asn Asn Tyr Leu Asn Tip Tyr Gin Gin 
Lys Pro Gly Lys Ala Pro Lys Leu Leu lie Tyr Tyr Thr Ser Thr Leu His Ser Gly 
Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr lie Ser 
Ser Leu Gin Pro Asp Asp Phe Ala Thr Tyr Phe Cys Gin Gin Gly Asn Thr Leu 
Pro Trp Thr Phe Gly Gin Gly Thr Lys Val Glu Val Lys 
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FIG. 79 

Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ser Ser Val Lys 
Val S er Cys Lys Ala S er Gly Tyr Ala Phe Thr Asn Tyr Leu He Glu Trp Val Arg 
Gin Ala Pro Gly Gin Gly Leu Glu Tip He Gly Val De Tyr Pro Gly Ser Gly Gly 
Thr Asn Tyr Asn Glu Lys Phe Lys Gly Arg Val Thr Leu Thr Val Asp Glu Ser 
Thr Asn Thr Ala Tyr Met Glu Leu Ser Ser Leu Arg S er Glu Asp Thr Ala Val Tyr 
Phe Cys Ala Arg Arg Asp Gly Asn Tyr Gly Trp Phe Ala Tyr Trp Gly Gin Gly 
Thr Leu Val Thr Val Ser Ser 
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FIG. 80 

Asp He Gin Met Thr Gin Thr Pro Ser Thr Leu Sear Ala Ser Val Gly Asp Arg Val 
Thr He Ser Cys Arg Ala Ser Gin Asp lie Asn Asn Tyr Leu Asn Trp Tyr Gin Gin 
Lys Pro Gly Lys Ala Pro Lys Leu Leu lie Tyr Tyr Thr Ser Thr Leu His Ser Gly 
Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr He Ser 
Ser Leu Gin Pro Asp Asp Phe Ala Thr Tyr Phe Cys Gin Gin Gly Asn Thr Leu 
Pro Trp Thr Phe Gly Gin Gly Thr Lys Val Glu Val Lys Arg Thr Val Ala Ala Pro 
Ser Val Phe Be Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr Ala Ser Val 
Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gin Trp Lys Val 
Asp Asn Ala Leu Gin Ser Gly Asn "S er Gin Glu Ser Val Thr Glu Gin Asp Ser Lys 
Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp TyrGluLys 
His Lys Val Tyr Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys 
Ser Phe Asn Arg Gly Glu Cys 
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FIG. 81 

Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ser Ser Val Lys 
Val Ser Cys Lys Ala Ser Gly Tyr Ala Phe Thr Asn Tyr Leu He Glu Trp Val Arg 
Gin Ala Pro Gly Gin Gly Leu Glu Trp lie Gly Val lie Tyr Pro Gly Ser Gly Gly 
Thr Asn Tyr Asn Glu Lys Phe Lys Gly Arg Val Thr Leu Thr Val Asp Glu Ser 
Thr Asn Thr Ala Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr 
Phe Cys Ala Arg Arg Asp Gly Asn Tyr Gly Trp Phe Ala Tyr Tip Gly Gin Gly 
Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala 
Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp 
Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val 
His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val 
Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr lie Cys Asn Val Asn His Lys 
Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His 
Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe 
Pro Pro Lys Pro Lys Asp Thr Leu Met He Ser Arg Thr Pro Glu Val Thr Cys Val 
Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gfy 
Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr 
Arg Val Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu 
Tyr Lys Cys Lys Val Ser Asn Lys Al a Leu Pro Ala Pro He Glu Lys Thr lie Ser 
Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp 
Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser 
Asp He Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Tin Thr 

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp 
Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu 
His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly 
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FIG. 82A 

ATGGATTTTCACXjTGCAGATTA^ 

GTCATAATGTCCAGAGGGCAAATTGTTCTCTCCCAGTCTCCAGCAATC 

CTGTCTGCATCTCCAGGGGAGAAGGTCACAATGACTTGCAGGGCCAG 

CTCAAGTGTAAGTTACATCCACTGGTTCCAGCAGAAGCCACK3ATCCTC 

CCCCAAACCCTGGATITATGCCACATCCAACCTGGCTTCTGGAGTCCC 

TGTTCGCTTCAGTGGCAGTGGGTCTGGGACT 

CAGCAGAGTGGAGGCTGAAGATGCIXK^CACTTATTACTGCCAGCAGT 
GGACTAGTAACCCACXCACGTTCGGAGGGGGGACCAAGCTGGAAATC 

AAA 



FIG. 82B 

Met Asp Phe Gin Val Gin He lie Ser Phe Leu Leu lie Ser Ala Ser Val Be Met Ser 
ArgGlyGlnlle Val Leu Ser Gin Ser Pro Ala lie Leu Ser Ala Ser Pro Gly Glu 
Lys Val Thr Met Thr Cys Aig Ala Ser Ser Ser Val Ser Tyr lie His Tip Phe Gin 
Gin Lys Pro Gly Ser Ser Pro Lys Pro Tip lie Tyr Ala Thr Ser Asn Leu Ala Ser 
Gly Val Pro Val Aig Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr He 
Ser Arg Val Ghi Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Tip Thr Ser Asn 
Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu fle Lys 
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FIG. 83A 

ATGGGTTGGAGCCTCATOTGCTCITCCTTGTCGCTGTTGCTACGCGTG 
TCCTGTCCCAGGTACAACTGCAGCAGCCTGGGGCTGAGCTGGTGAAG 

CCIXjGGGCCTCAGTGAAGATGTCCTGCAAGGCrrCT 

ACCAGTTACAATATGCACIX3GGTAAAACAGACACCTGGTCGGGGCCT 

GGAATGGATTGGAGCTATTTATCCCGGAAATGGTGATACTTCCTACAA 

TCAGAAGTTCAAAGGCAAGGCCACATTGACTGCAGACAAATCCT(XA 

GCACAGCCTACATGCAGCTCAGCAGCCrcACATCrGAGGACTCTCK:G 

GTCTATTACIXjTGCAAGATCGACTrACT 
AATGIXHXXXSGCGCAGGGACCACGGTC^ 



FIG. 83B 

Met Gly Trp Ser Leu lie Leu Leu Phc Leu Val Ala Val Ala Thr Arg Val Leu Ser 
Gin Val Gin Leu Gin Gin Pro Gly Ala Glu Leu Val Lys Pro Gly Ala Ser Val Lys 
MetSer(^LysAlaSerGlyTyrmPheThrSerTyrAsnMetHisTrpValLys 

Gin Thr Pro Gly Arg Gly Leu GhiTipneGly Ala lie Tyr Pro Gly AsnGry Asp 
Thr Ser Tyr Asn Gin Lys Phe Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser 
Ser Thr Ala Tyr Met Gin Leu Ser Ser Leu Thr Ser Ghi Asp Ser Ala Val TyrTyr 
Cys Ak Arg Ser Thr Tyr Tyr Gly Gly Asp Trp Tyr Phe Asn Val Trp Gly Ala Gly 

Thr Thr Val Thr Val Ser Ala 
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FIG. 84A 

CAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTG 



ACOOGGTACGTTOCTC 

GTCGACATGGGCTGGAGCCTCATCTTQ 

CGCGIGTCGCTAGCACCAAGGGCCC^^ 



AAGGACTACTTCCCCGAACCGGTG 

CCTOACCAGCGGCGTGCACACXnTCCCGGCTGTCCTACAGTCCT 
ACTOTACTOCCTCAGCA 



JTCTTC 

GAGGTCACATCOGIOQTCGTCG^ 
CAAGTFCAACIGGTACXJirGGACGGC^ 

CAAAGCGGCGGGAGGAGC^GTACAACAGCACGTACCGIOIXKJTCAGC 



ICTG 



CCTGGTCAAAGGCTTOAIOXAG^ 
GCAATCGGCAGCXXSGAGAA^ 

GAcrccmcGGOtxjn^^ 

AGCAGGTGGCAGCAGGGGAACGTC^ 



TAAATGAGGATCCGTTAACGGTT^^ 

ACAACATGOGGOCGTGATATCT 

TCTAGTTCCCAGCCATCn^^ 

OCOGGAAGGTOCXAOT^^ 

TIGCATCGCATOTU^ 

1GGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATA 

TCCTXK3GGATGGG0 
GCTGGATCTCCGGATOCOC^^ 

ATGAGAAAAAAAGGAAAATTAATTTTAACACCAATTCAGTAGTrGAT 
TCAGCAAATCCGTTCCCAAAAAGGATGCm 

GCACAGATAAGGACAAACATTATTCAGAGGGAGTACCCAGAGCTGAG 

ACTCCTAAGCCAGTGAGTGGCACAGCATTCTAGGGAGAAA 

GTCATCACCGAAGCCTGATTCCGTAGAGCCACACCTTGGTAAGGGCC 



ATAAGGTGAGGTAGGATCAGTTGCTCCTCACATTT^ 
TTGTGTTOGGAGCITGGATAGCTTGGACAGCTCAGG 



WO 
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FIG. MB 

CAAAATCAACGGGACfTTCCAAAATGTCGTAACAACTCCGCCCCATTG 
ACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAG 
AGCTGGGTACGTCCTCACATTCAGTGATCAGCACTCAACACAGACCC 
GTCGACATGGGCTGGAGCCTCATCTTC^ 

CGCGTGTCGCTAGCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCT 

CCT€CAAGAGCACCTOTGGGGGCAC^^ 

AAGGACTAOTPOCCCGAACCGGTGA 

CCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGG 

ACICTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAG^ 

CACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCA 

AGGTGGACAAGAAACKJAGAGCCCAAATCTTGTGACAAAACTCACACA 

TGCGCACCGTOCXXJAGCACX^ 

CICTTOXCCX^AAAACCCAAGGACA 

GAGGTCACATCCGTGGTCGTCGACXSTOAGCCACXjA^ 

CAAGTTCAACTGGTACGTCGACXKSCGTGGAGGTGCATAATG 

CAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGC 

GTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGACTACAA 

GTGCAAGGTOTQCAACAAAGCOOT 

TCIO^AAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTG 

CCCCCATCOCGGGATGAGCTGACCAGGAACCAGGTCAGCCTGACCTG 

CCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGA 

GCAATGGGCAGCCGGAGAACAACTAC^ 

GACTCCGACGGCTC^ 

AGCAGGTOGCAGCAGGGGAACGTCTI€TCATGCTCCGTC 

GGCTCTCCACAACCACTACACGCAGAAGAGCXTTCTC 

TAAATGAGGATOCaTTAACGGTTAC^ 

ACAACATOQjKjCXXJTO 

TCTAGTrGCXAGTCATPC^^ 

cdctcgaaggkxx:actoccactc 

TIGCATCGCATTOIO^GAGTAGGTO 

TGGGGCAGGACAGCAAGGGGGAGGATFGGGAAGACAATAGCAGGCA 

TCCTGGGGATOCGGTGGGCIHCTATGGAA^ 

GCTGGATOTOOGGATOC^^ 

ATGAGAAAAAAAGGAAAATTAATnTAACACCAATTCAGTAGTlIGAT 

TCAGCAAATCCGTTGCCAAAAAGGATGCTTTAGAGACAGTCWCTCT 

GCACAGATAAGGACAAACATTATTCAGAGGGAGTACCCAGAGCinGAG 

ACTCCTAAGCCAGTGAGTGGCACAGCATTCTAGGGAGAAATATGCTT 

GTCATCACCGAAGCCTGATTCCGTAGAGCCACACCTTGGTAAGGGCC 

AATCTGCTCACACAGGATAGAGAGGGCAGGAGCCAGGGCAGAGCAT 

ATAAGGTGAGGTAGGATCAGTTGCTCXTOACATn'GCTTCTGACATAG 

TTGTGTTOGGAGCWGGATAGCTTGGACAGCTCAGG 



293/345 

FIG. 84C 

GOT^GATTTOGCGCCAAACTTGAOGGCAATCCT 
GTAGGATTTTATCOCXXSCTC^ 
CGTCGCCGTGTCCCAAAATATGGGGA^ 
CCTCGCCTCOGCTCAGGAA 

ACAACCTOT€AGTGGAAGGTAAACAGAATCTGGTGATTATGGGTAG 
GAAAACCTGGTTCTCCATTCCTGAGAACAATC 

GAATTAATATAGTTCTCAGTAGAGAACrcAAAGAACCACCACGAGGA 

QCKCATmCTTGCCAAAAGTrKKiATGATGCCnAAGAarrATTGAA 

CAACCGGAATTCGCAAGTAAAGTAGACATCGTTTGGATAGTC 

CAGTTCTGTTTAQCAGQAAGCCATO 

OTTIGimCAAGGATCATGCAGGAA 

AGAAATimTTTOGGGAAATATAAAC^^ • 

TCCICTOGAGGTO^GGAGGAAAAAGGCA TC 

GTCTAGGAGAAGAAAGACTAACAGGAAGATGCTTTCA^ 

TCOCCTCCrAAAGTCATGCATnTTATAAGAO^ 

GCTTTAGATCAGOCrcGACTGTGCCTTCT 

TTGCCCCTCCCXX^GIG^ 

XGTOOTn^CTAATAAAA 

GTCTCATlUrATKnGGGGGGTG^ 

AGGATIGGGAAGACAATAGCAGGCATG^ 

ATCGAACC^GCTOGGGCTCGAGCTACTAGCTO 

ATTIOCAtAAimGAAAAAAAGGAAAATTAATm 

GTAGTIGATIGAGCAAATGOGH^^ 

GTCTIOUIGCACAGATA^ 

AGAGCIGAGAOTQCTAAGOCAGTO 

AATATCCTIGTCATCACO^ 

TAAGGGCCAATOGOTCACACAGG^ 

CAGAGCATATAAGGTOAGGTAGGATCAGTT^^ 

TCACATAGTIGTCTTOGGAG 

GATGGATIGCACGCAGGTTCTCCGGC^ 

GGCTATGACTGGGCAGAA^ 

GTTCCGGCHIGTOlGCGCA 

COGTOCGGTGOCCTOAATGAACTOCAGGAOT 

CGTGGCIGGCCAOGACGGGCGTTCC^ 

TCACTGAAGOOGGAAGGGACTCGCTOCT 

CA(K3A1CTCCTOTCATCTC^CCTO 

ATGGCTOATGCAATCCGGCGGCrGCATACGOT 

OCATTOSACCAOCAAGCXjbAAACATOGC^ 

GATGGAAGOCGGTCTTOTCGATCAGGATOATCT 

AGGGGCTOGCGCCAGCCGAACI^^ 
CCCGACGGCGAGGATCTCGTCGTGAC^^ 
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FIG. 84D 

AATATCATGGTGGAAAATGGCCGCrTTrCTGGATTC 

CGGCTGGGTCTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCG 

TGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGT 

GCTTTACGGTATCGCCGCTTCCCGATTCGCAGCGCATCGCC 

GCCTlUrrGACGAGTTCTIUroAGCGGGACT 

CGACCAAGCGACOXCAAOCTGCCATCA 

CCGGCTTCTATGAAAGGTTGGGCT^^ 

GCTGGATGATCCTXX^AGCGCGGGGATCTCAT^ 

ACCCCAACTTGTITAWGCAGC1TATAATGGTTACAAATAAAGCAATA 

GCATCACAAATITCACAAATAAAGCATTO 

GTGGTTTGTCCAAACTCATCAAIOATCW^ 

CCGCGATCCCGTOGAGAGCTTGGCGTAATCATGGTCATA 

TGTGTCAAAT1IBTTATC0GCTCACAA 

AGCATAAAGTGTAAAGCCTGGGGTOOCTAATCA^ 

ATTAATTOCGTIGCGOT^ 

GTGCCAGCTGCATTAATOAATCGGCCAAOGCGCGGGGAGAGGCGGTT 

TGCGTATTGGGCGCTClTTOCGCrTO 

GGTCGTTCGGCIGOGGC^ 

TACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGA 
GCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGC 

TOGCGTTTTIOCATAOCXXa^ 
GAGGCTCAAGTCAGAGGTGGCGAAACXX^ 
CAGGOGTTTCCOOCTOGAAGCTCC^ 
CIGCOXriTACOGGATACC^^^ 

GTTCGCTCCAAGCIGGGCTO^ 
QGCTGCGCXHTATCG^ 
CAOGACTTAimiXAero^^ 
AGCGAGGTAIOTAGGCGGTCCT^^ 
ACTAOGGCTACAOTAGAAGGACA^ 
• AGCCAGTFACOTinjGAAAAAGA^ 
CAAACCACCGCTGGTAGOGGTCGTlITinntTC 
ACGCGCAGAAAAAAAGGATCTCAAGAAG 
QGGGTCTQACGCn€AGTG^ 
TCATGAGATTATCAAAAAGGAlinTCA^ 
AATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAAC^ 

ACAGTTACGAATOCTTAATC^^ 
TATnTOTTCATCCATA 

GATACGeGAGGGCTTACCATCTCGCCCCAGTGCTGCAATGATACCGC 
GAGACOCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCA 
GCCGGAAGGGCCGAGOGCAGAAGTCGTCCTGCAACTOATCCG^ 
CATCCAGTCTATFAATIWTOC^^ 
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FIG. 84E 

CAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGG 
TGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAAC 
GATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTT 
AGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTG 

ttatcactcatggttatggcagc^^ 

CATCCGTAAGATCClTTTCrGTGACTGGTGAGTACTCAACCAAGTCAT 
TCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAA 
TACGGGATAATACCGCGCCACATAGCAGAACITTAAAAGTGCTCATC 
ATTCGAAAACGTTXnTCGCXjGCGAAAACTCT 

TTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCA 

GCATCHTITACTTTCACCAGCGTTTCIXjGGTGAGCAAAAAC 

CAAAATCCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAA 

TACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTrATCAGGGTTA 

TrGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACA 

AATAGGGGTT(XGCGCACATTTCCCCGAAAAGTGCCACCT 
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FIG. 8SA 

GACGTCCjCGGCCGCIUTAGGCCTCCAAAAAAGCCTC^ 
GGAATAGCTCAGAGGCCGAGGCGGCCTCGGCCTCTGCATAAATAAAA 

AAAATTAGTCAGCCATOCATGGGGCGGAG 

GAGTIAGGGGCGGGATQGGCGGAGTTAGGGW^ 

GACTAATIGAGATGCATGCTTIGCATAC^ 

GGGGACTTTCCACACCIGGTTCCTGACTA^ 

ATACTICTGCCTGCTGGGGAGCOG^ 

CAGACATTCCACAGAATTAATTQ^ 

ACGGGGTCAWAGTTCATAGCOCATATATGGAGTTCCGCGTTACATAA 
CTTACGGTAAATGGGCCGQCT^ 

ATTOACGTCAATAATOACGTATGTTCCCATAGTAACGCCAATAGGGA 
CTraXJAlTGACGTCAATCGGTCGACT 

TCGCAGTACATCAAGTOTATCATATCCCAAGTACGCCCCCTATTGACG 
TCAATOACGGTAAATCGCCCGCCTCGCATTATGCCCAGTACATCACCT 

TATCGGACTTTCCTACTTGGCAGTACAICTACCT 
TTACCATCGTGATCCXJGTnTGGCAGTACATCAATGGGCGT^ 

GGTrTOACTCACGGGGATTTCCAAGTCTC^ 

GGAGTTIGTTTTGGCACCA 

ACAACTCCGCCOCATimCX^AAATGGGCGGTAGO 
GAGG1CTATATAAGCAGAGCTOGGTACGTCAACCGTCAGATCGCCTC 

GAGACGCCATCACAGATCTCTCA 

CAGCTTCCIXKTAATCAGTOCm 

TCTraODCCAGTCTCCAGCAATCCT 

GGTCACAATGAOTIGCAGG^ 

GGTTCGACKJAGAAGCGAGGATCCiraX 

CATCCAACCTGGCTTCTG 
CTGGGACTIGTTAOT 

CKjOCACTTATTACTGCCAGCAGTGGACTAGTAACC^ 
GAGGGGGGACCAAGCTOGAAATCAAAC^^ 
GTCTirCATCTTOCXWCATCTGATGA 
1U3GTTCTOTGCCIGCTO 

CAGTGGAAGGTGGATAACGCCCTCCAATCX5GGTAAC1G 

TCTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCICAGCAGCA 

CCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCC 

TGCGAAGTCACCCATCAGGGCCTOAGCTCGCCCGTCACAAAGAGCTT 

CAACAGGGGAGAGTCTTOAATOAGATCCGTTAAGGGTTACCAACTA 

CCTAGACTOGATTCGTGACAACATGCGGCCGTGATATCTA 

CAGCCTCGACTQTGCCnCTAGT 

CCCanGCCTTCCm^ 
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FIG. 85B 

TAATAAAATOAGGAAATIGCATCGCAT^ 
AT3TCTOGGQGGTCGGGTGOGGCAGQACA 

AAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGAACCA 

GCTGGGGCTCGACAGCTATGCCAAGTACGCCCCCTATK3ACGTC 

ACGGTAAATCGCO^GCCTCGC^^ 

ACTTTCCTACTIGGCAGTACATCT 

GGTGATQCOOTTTTOOCAQT^ 

ACTCACGGGGATTTCXlAAGTXnCCACCCCAT^ 

TGTTTTGGCACCAAAATCAACGGGACTTTCCAAAA 

CCGOCX3CATTT3ACGCAAATGGGCG^ 

TATATAAGCAGAGCTGGGTACGTCCTCACATTCAGTGATCAGCACT 

ACACAGACOCGTCGACATGGGTTOGAGOCrrc 

CGCIGTTGCTACGOGTGTCXnrGTOOCATO 

GGCTGAGCTGGTOAAGC£nX3GGG^ 

CT1UTGGCTACACATTTAOCAGTTACAATATGC 

CACCTXKSTCGGGGCXnGGAATGGATTGGAGCT 

GGTGATACTIOITACAATCAG 

TOAGACAAATCCTCCAGCACAGCCTACATGCAGCTCAGCAGCCTGA 

CATCTOAGGACnOGCGGTCTATTACrGTG^ 

GCGGTGACTGGTAOTTCAATG^ 

GTCTXOGCAGCTAGCACCAAGGG 

T02T02AAGAGCACOTCIGGGG 

CAAGGAOTACTIXXXOjAACC^ 

(1XOTGAGCAGCX3GCGTO 

GACTCTACTCCCTCAOCAGCGTGGTCACCGTGCCCTC 
GCACCCAGAGCTACATCTCC^ 
AAGGTCGACAAGAAAGCAGAGCXXIAAA1UITGTO 
AT^CCACCGTOCGCAGCA^ 

TOAGGTCACATGOGTGGTO 

TC^GTI€AACTOGTACSTGGAGGGCmGGA 

ACAAAGCCGCGGGAGGAGCAGTACAACAG^ 

CGTCCTCACCGI^^ . 
AGTGCAAGGTUTOAACAAAGC^^ 

ATCTOCAAAGGCAAAGGGC^GCCCCGAGAACCACAGGTGTACACCCT 

'GCCCCXJATCCCGGGATGAGCTOACCAAGAACC 

GCCTGGTCAAAGGCTITCTATC^ 

AGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCT 

GGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCrCACCGTGGACAA 

GAGCAGGTGGCAGCAGGGGAACGTCTTO 

AGGCTCTGCACAACCACTACACGCAGAAGAGCCI^ 

GTAAATGAGGATCOGirAAOGGTTACCAACTACCTAG^ 
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FIG. 85C 

GACAACATGCGGCCGTGATAIOACGTATGATCAGCCTCGACTGTGCC 

TTCTAGTTGGCAGCCATCTGTTXnTTGCCCCTCCX^ 

ACCCTGGAAGGTGCCACTCCCA^ 

AWGCATCGCAlTGTCTGAGTAGGTGTCATTCTATrCTGGGGGGTGGG 

GTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGC 

ATGCTGGGGATGCGGTCGGCTCTATGGAACCAGCTGGGGCTC 

CGCTGGATtrKXXGATCCCCAGC ^ 

AATGAGAAAAAAAGGAAAATTAATTTTAACACCA^ 

ITGAGCAAATGCGTXGCCAAAAAGGATGC^ 

GCACAGATAAGGACAAACATTATTCAGAGGGAGTACCCAGAGCTGAG 

ACTCCTAAGCCAGTGAGTGGCACAGCA1TCTAGGGAGAAATATCCW 

GTCATCACCGAAGCCTGATTCCGTAGAGCCACACCTTGGTAAGGGCC 

AATUTGCTCACACAGGATAGAGAGGGCAGGAGCC AGGGCAGAGCAT 

ATAAGGIGAGGTAGGATCAGTTGCTCCTCACATTr 

TTGTGTIGGGAGCnGGATAGCITCGACAGC^ 

CGCCAAACTTOACGGCAATCOTAGCOT 

CCCGCIGCGATCAIGGirCGACCATTOAACrGCATCGTCXK^CGTGTCC 

CAAAATATGGGGATTGGCAAGAACGGAGACCTACCCTGGCCT 

CAGGAACGAGlTCAAGTACnTCCAAAGAATGACCACAACCTCTTCAG 

TGGAAGGTAAACAGAATCTGGTGATTATGGGTAGGAAAACCTGGTTC 

TCCATTCCIGAGAAGAATCGACCnTTAAAGGACAGAATTAATATAGTr 

CTCAGTAGAGAACIOAAGAACCA^ 

CAAAAGTTTCGATOATGCCTTAAGACTTAll^ 

CAAGTAAAGTAGACATGGTTTGGATAGTC^^ 

AGGAAGCTATGAATCAACCAGGCCAGOT 

ATCAIGCAGGAATTTGAAAGIGACACGlTniGCCAGAAATTGATTIG 
GGGAAATATAAAC1TCTCCCAGAATACCXAGGCGTCCICT 
GGTCCAGGAGGAAAAAGGCATCAAGTATAAGTTIGAAGl^ 
AGAAAGACTAACAGGAAGATGOTTO 

AGCTATCCATTrrTATAAQACOtTGGGA^^ . 

GCCTCGACTCTCCCnCTAGITGCCAGCCAlCT 

CCGTGCCTTCCTlGACOCTGGAAGGTGCCACr^^ 

ATAAAATGAGGAAA1TCCATCGCATTGIOGAGTAGCT 

TC1GGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAA 

GACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGAACCAGC 

IGGGGCTCGAGCTACTAGCTTTGCTTCTCAATTTC^ 

AGAAAAAAAGGAAAATTAATITrAACACCAATTCAGTAGTTGATTGA 

GCAAATGCGTTCCCAAAAAGGATCCTTTAGAGACAGTGTT 

CAGATAAGGACAAACAlTATrCAGAGGGAGTACCCAGAGCTGAGACT 

CCTAAGCCAGTGAGTGGCAC^GCATTCTAGGGAGAAATATGC^ 

ATCACCGAAGCCTGATTCCGTAGAGCCACACCTTGGTAAGGGCCAAT 

CTGCTCACACAGGATAGAGAGGGCAGGAGCCAGGGCAGAGCATATA 

AGGTGAGGTAGGATCAGTTGClTOCJinCACATTTGCTT 
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FKG. 85D 

TGTTGGGAGCTTC^ATCGATCCTCTATGGTTO 

CGCAGGTTCrcCGCCCGCTTGGGTGGAGAGGCT 

GGCACAACAGACAATOGGCTCCTCT 

AGCGCAGGCKK^GCCCGGTTCTTTTTGTC 

CCTGAATOAACTGCAGGACGA^ 

CGACGGGOGTTCCTTGCGCAGCTCTGCTC 

GAAGGGACTOGOTGCFATTGG^ 

TCATCTCACCTTOCltXTOCOT 

ATCCGGCGGCTGCATACGCITCATCCGGCTACC^ 

CAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGG 

1UITGITOATCAGGATOATCTOGACGAAGAGCATCAGGGGCT 

CAGCCXjAACTOTTCGCC^^ 

GAIUIOjTOGTOAGCCA^^ 

GAAAATGGCCGCITirTCTCGATTCATCGACT 

GCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGA 
AGAGCTTGGCGGCGAATGGGCTOACOGCTTCCT 
CGCCGCI€CCGATTCGCAG€GCATC 
GTIUTIUTGAGCXSGGACTCTGO 

gcccaacctgccatcagga^ 

AAGGTTOGGCTITOGAATCGTTCT^ 

CCAGCGCGGGGATCTCAT^ 

TATIGCAGOTTATAATCG^ 

CACAAATAAAGCATFnTn€ACTCCATTCTAGTTO 

ACTCATCAATUMOTTATC^ 

GAGAGCTTGGCGTAATCATOGTCAT^^ 

TATCCQCTCACAATro 

TAAAGOCTQGGGTGCCTAATO 

GCXKTI€ACrroCCOTCTTO 

TTAATCAATCGGCTAACmXKXSGGGAGA^ 

GOXjOTAGCXOTATCA^ 
CAGAATCAGGGGATAACX3CAGGAAA^ 

GCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGlxrrJLCC 
ATAGGCICCXKXXXXXJK^ 

CAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCC 

CCCTCGAAGCTCCCTCGTGCQCTCT 

CGGATACCTGTCCGCOTFCTC^ 

ATCCTCACGCTGTAGGTATCTC^ 

GCTOGGCIGTGTGCACGAAC^ 

ATCCGGTAAOTATCGTCTO 
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FIG. 85E 

GCCACTGGCAGCAGCCACTQGTAACAGGATFAGCAGAGCGAGQTATG 

TAGG(XXnQCTACAGAGnXyrTGAAGIG<ITGGCCrAACTACQQCTAC 

ACTAGAAGGACAGTATITGGTATCI^GCTCT 

TTCGGAAAAAGAGTFGGTAGCT^ 

TCGTAGCGGTWITiTm 

AAAAGGATCIOAGAAGATCCm 

ICAOTGGAACXjAAAACICAOGTrA^ 

AAAAAGGATCTI€ACCTAGATCCtTTTAAAW 

ATCAATCTAAAGTATATATGAGTAAAOTGGTCTGACAGTTACCAATG 

CTTAATCAGTCAGGCACCTATCTCAGCGA 

ATAGTTGCCTOACITCCCCGTO 

CTTACCAIOGGCCOCAOTG^ 

ACTGGCTCCAGATTTATCAGCAATAAACXAGCCAG^ 

AG(X3CAGAAGTOGTCCTOC^ ° 

ATTOTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTrAATAGm 

GCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTC 

TTlGGTATCGCTTCAITCAGCTCCG^ 

CATCAIOXCCATOTTOTOCAAAAAAGCGGTTAGCT 

CGATKXHTGTCAGAAGTAAGTTO 

TCGCAGCACTGCATAATFCIUI^ 

TnUTGTGACnnGGTOAGTACTCAACCAAGTC 

TOOKKXSACCGAGT^ 

GCGCCACATAGCAGAACTTTAAAAGTCCTCATCAWG^ 

TCGGGGCGAAAACTUTCAAGGATCTTAOCGCT 

ATCTAAOCCACTCGTGCACCCAACTOAT^ 

CX^AGCGTTIUIBGGTCAGCAAAAACAGGA^ 

AAOGGAATAAGGGC^ACAQG^ 

TTTOAATATTATmAAGCATTTATCAGG^ 

ATACOTATFIGAATOTATTTAGAAA 

GCACAT^TCCCCGAAAAGTGCCACX^ , 
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<160> 62 

<170> Patentln version 3.1 

<210> 1 

<211> 525 

<212> DNA 

<213> Homo sapiens 

<400> 1 

acccccctgg gccctgccag ctccctgccc cagagcttcc tgctcaagtg cttagagcaa 

gtgaggaaga tccagggcga tggcgcagcg ctccaggaga agctgtgtgc cacctacaag 

ctgtgccacc ccgaggagct ggtgctgctc ggacactctc tgggcatccc ctgggctccc 
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ctgagcagct 


gccccagcca 


ggccctgcag 


ctggcaggct gcttgagcca actccatagc 


240 


ggccttttcc 


tctaccaggg 


gctcctgcag 


gccctggaag ggatctcccc cgagttgggt 


300 


cccaccttgg 


acacactgca 


gctggacgtc 


gccgactttg ccaccaccat ctggcagcag 


360 


atggaagaac 


tgggaatggc 


ccctgccctg 


cagc.ccaccc agggtgccat gccggccttc 


420 


gcctctgctt 


tccagcgccg 


ggcaggaggg 


gtcctggttg cctcccatct gcagagcttc 


480 


ctggaggtgt 


cgtaccgcgt 


tctacgccac 


cttgcccagc cctga 


525 



<210> 2 

<211> 174 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Thr Pro Leu Gly Pro Ala Ser Ser Leu Pro Gin Ser Phe Leu Leu Lys 
15 10 15 



Cys Leu Glu Gin. Val Arg Lys lie Gin Gly Asp Gly Ala Ala Leu Gin 
20 25 30 



Glu Lys Leu Cys Ala Thr Tyr Lys Leu Cys His Pro Glu Glu Leu Val 
35 40 45 



Leu Leu Gly His Ser Leu Gly He Pro Trp Ala Pro Leu Ser Ser Cys 
50 55 60 



Leu Gin Leu Ala Gly Cys Leu Ser Gin Leu His Ser 
70 75 80 



Tyr Gin Gly Leu Leu Gin Ala Leu Glu Gly He Ser 
85 90 95 



Pro Glu Leu Gly Pro Thr Leu Asp Thr Leu Gin Leu Asp Val Ala Asp 
100 105 HO 



Phe Ala Thr Thr He Trp Gin Gin Met Glu Glu Leu Gly Met Ala Pro 
115 120 125 



Ala Leu Gin Pro Thr Gin Gly Ala Met Pro Ala Phe Ala Ser Ala Phe 
130 135 140 



Gin Arg Arg Ala Gly Gly Val Leu Val Ala Ser His Leu Gin Ser Phe 



Pro Ser Gin Ala 
65 

c 

Gly Leu Phe Leu 
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145 150 155 160 

Leu Glu Val Ser Tyr Arg Val Leu Arg His Leu Ala Gin Pro 
165 170 



<210> 3 

<211> 1733 

<212> DNA 

<213> Homo sapiens 

<400> 3 



gcgcctctta 


tgtacccaca 


aaaatctatt 


ttcaaaaaag 


ttgctctaag 


aatatagtta 


60 


tcaagttaag 


taaaatgtca 


atagcctttt 


aatttaattt 


ttaattgttt 


tatcattctt 


120 


tgcaataata 


aaacattaac 


tttatacttt 


ttaatttaat 


gtatagaata 


gagatataca 


180 


taggatatgt 


aaatagatac 


acagtgtata 


tgtgattaaa 


atataatggg 


agattcaatc 


240 


agaaaaaagt 


ttctaaaaag 


gctctggggt 


aaaagaggaa 


ggaaacaata 


atgaaaaaaa 


300 


tgtggtgaga 


aaaacagctg 


aaaacccatg 


taaagagtgt 


ataaagaaag 


caaaaagaga 


360 


agtagaaagt 


aacacagggg 


catttggaaa 


atgtaaacga 


gtatgttccc 


tatttaaggc 


420 


taggcacaaa 


gcaaggtctt 


cagagaacct 


ggagcctaag 


gtttaggctc 


acccatttca 


480 


accagtctag 


cagcatctgc 


aacatctaca 


atggccttga 


ectttgettt 


actggtggcc 


540 


ctcctggtgc 


tcagctgcaa 


gtcaagctgc 


tctgtgggct 


gtgatctgee 


tcaaacccac 


600 


agcctgggta 


gcaggaggac 


cttgatgctc 


ctggcacaga 


tgaggagaat 


ctctcttttc 


660 


tcctgcttga 


aggacagaca 


tgactttgga 


tttccccagg 


aggagtttgg 


caaccagttc 


720 


caaaaggctg 


aaaccaxccc 




era era t - crate c 


agcagatctt 


caatctcttc 


780 


agcacaaagg 


actcatctgc 


tgcttgggat 


gagaccctcc 


tagacaaatt 


ctacactgaa 


840 


ctctaccagc 


agctgaatga 


cctggaagcc 


tgtgtgatac 


agggggtggg 


ggtgacagag 


900 


actcccctga 


tgaaggagga 


ctccattctg 


gctgtgagga 


aatacttcca 


aagaatcact 


960 


ctctatctga 


aagagaagaa 


atacagccct 


tgtgcctggg 


aggttgtcag 


agcagaaatc 


1020 


atgagatctt 


tttctttgtc 


aacaaacttg 


caagaaagtt 


taagaagtaa 


ggaatgaaaa 


1080 


ctggttcaac 


atggaaatga 


ttttcattga 


ttegtatgee 


agctcacctt 


tttatgatct 


1140 


gccatttcaa 


agactcatgt 


ttctgctatg 


accatgacac 


gatttaaatc 


ttttcaaatg 


1200 


tttttaggag 


tattaatcaa 


cattgtattc 


agctcttaag 


gcactagtcc 


cttacagagg 


1260 


accatgctga 


ctgatccatt 


atctatttaa 


atatttttaa 


aatattattt 


atttaactat 


1320 
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ttataaaaca 


acttattttt 


gttcatatta 


tgtcatgtgc 


acctttgcac agtggttaat 


1380 


gtaataaaat 


gtgttctttg 


tatttggtaa 


atttattttg 


tgttgttcat tgaacttttg 


1440 


ctatggaact 


tttgtacttg 


tttattcttt 


aaaatgaaat 


tccaagccta attgtgcaac 


1500 


ctgattacag 


aataactggt 


acacttcatt 


tgtccatcaa 


tattatattc aagatataag 


1560 


taaaaataaa 


ctttctgtaa 


accaagttgt 


atgttgtact 


caagataaca gggtgaacct 


1620 


aacaaataca 


attctgctct 


cttgtgtatt 


tgatttttgt 


atgaaaaaaa ctaaaaatgg 


1680 


taatcatact 


taattatcag 


ttatggtaaa 


tggtatgaag 


agaagaagga acg 


1733 



<210> 4 

<211> 188 

<212> PRT 

<213> Homo sapiens 

<400> 4 

Met Ala Leu Thr Phe Ala Leu Leu' Val Ala Leu Leu Val Leu Ser Cys 
15 10 15 



Lys Ser Ser Cys Ser Val Gly Cys Asp Leu Pro Gin Thr His Ser Leu 
20 25 30 



Gly Ser Arg Arg Thr Leu Met Leu Leu Ala Gin Met Arg Arg He Ser 
35 4 0 45 



Leu Phe Ser Cys Leu Lys Asp Arg His Asp Phe Gly Phe Pro Gin Glu 
50 55 60 



Glu Phe Gly Asn Gin Phe Gin Lys Ala Glu Thr He Pro Val. Leu His 
65 " 70 75 80 



Glu Met He Gin Gin He Phe Asn Leu Phe Ser Thr Lys Asp Ser Ser 
85 90 95 



Ala Ala Trp Asp Glu Thr Leu Leu Asp Lys Phe Tyr Thr Glu Leu Tyr 
100 105 HO 



Gin Gin Leu Asn Asp Leu Glu Ala Cys Val He Gin Gly Val Gly Val 
115 120 125 



Thr Glu Thr Pro Leu Met Lys Glu Asp Ser He Leu Ala Val Arg Lys 
130 135 140 
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Tyr Phe Gin Arg lie Thr Leu Tyr Leu Lys Glu Lys Lys Tyr Ser Pro 
145 ~ 150 155 160 



Cys Ala Trp Glu Val Val Arg Ala Glu He Met Arg Ser Phe Ser Leu 
165 170 175 



Ser Thr Asn Leu Gin Glu Ser Leu Arg Ser Lys Glu 
180 185 



<210> 5 

<211> 757 

<212> DNA 

<213> Homo sapiens 

<400> 5 



atgaccaaca 


agtgtctcct 


ccaaattgct 




60 


tccatgagct 


acaacttgct 


tggattccta 


caaagaagca gcaattttca gtgtcagaag 


120 


ctcctgtggc 


aattgaatgg 


gaggcttgaa 


tattgcctca aggacaggat gaactttgac 


180 


atccctgagg 


agattaagca 


gctgcagcag 


ttccagaagg aggacgccgc attgaccatc 


240 


tatgagatgc 


tccagaacat 


ctttgctatt 


ttcagacaag attcatctag cactggctgg 


300 


aatgagacta 


ttgttgagaa 


cctcctggct 


aatgtctatc atcagataaa ccatctgaag 


360 


acagtcctgg 


aagaaaaact 


ggagaaagaa 


gattttacca ggggaaaact catgagcagt 


420 


ctgcacctga 


aaagatatta 


tgggaggatt 


ctgcattacc tgaaggccaa ggagtacagt 


480 


cactgtgcct 


ggaccatagt 


cagagtggaa 


atcctaagga acttttactt cattaacaga • 


540 


cttacaggtt 


acctccgaaa 


ctgaagatct 


cctagcctgt ccctctggga ctggacaatt 


600 


gcttcaagca 


ttcttcaacc 


agcagatgct 


gtttaagtga ctgatggcta atgtactgca 


660 


aatgaaagga 


cactagaaga 


ttttgaaatt 


tttattaaat tatgagttat ttttatttat 


720 


ttaaatttta 


ttttggaaaa 


taaattattt 


ttggtgc 


757 



<210> 6 

<211> 187 

<212> PRT 

<213> Homo sapiens 

<400> 6 

Met Thr Asn Lys Cys Leu Leu Gin He Ala Leu Leu Leu Cys Phe Ser 
15 10 15 
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Thr Thr Ala Leu Ser Met Ser Tyr Asn Leu Leu Gly Phe Leu Gin Arg 
20 25 30 



Ser Ser Asn Phe Gin Cys Gin Lys Leu Leu Trp Gin Leu Asn Gly Arg 
35 40 45 



Leu Glu Tyr Cys Leu Lys Asp Arg Met Asn Phe Asp lie Pro Glu Glu 
50 55 60 



lie Lys Gin Leu Gin Gin Phe Gin Lys Glu Asp Ala Ala Leu Thr lie 
65 70 75 80 



Tyr Glu Met Leu Gin Asn lie Phe Ala lie Phe Arg Gin Asp Ser Ser 
85 90 95 



Ser Thr Gly Trp Asn Glu Thr lie Val Glu Asn Leu Leu Ala Asn Val 
100 105 110 



Tyr His Gin He Asn His Leu Lys Thr Val Leu Glu Glu Lys Leu Glu 
115 120 125 



Lys Glu Asp Phe Thr Arg Gly Lys Leu Met Ser Ser Leu His Leu Lys 
130 135 140 



Arg Tyr Tyr Gly Arg He Leu His Tyr Leu Lys Ala Lys Glu Tyr Ser 
145 " 150 155 160 



His Cys Ala Trp Thr He Val Arg Val Glu He Leu Arg Asn Phe Tyr 
165 170 175 



Phe He Asn Arg Leu Thr Gly Tyr Leu Arg Asn 
180 185 



<210> 7 

<211> 1332 

<212> DNA 

<213> Homo sapiens 

<400> 7 

atggtctccc aggccctcag gctcctctgc cttctgcttg ggcttcaggg ctgcctggct 60 

gcagtcttcg taacccagga ggaagcccac ggcgtcctgc accggcgccg gcgcgccaac 120 

gcgttcctgg aggagctgcg gccgggctcc ctggagaggg agtgcaagga ggagcagtgc 180 

tccttcgagg aggcccggga gatcttcaag gacgcggaga ggacgaagct gttctggatt 240 
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tcttacagtg 


atggggacca 


gtgtgcctca 


agtccatgcc 


agaatggggg 


ctcctgcaag 


300 


gaccagctcc 


agtcctatat 


ctgcttctgc 


ctccctgcct 


tcgagggccg 


gaactgtgag 


360 


acgcacaagg 


atgaccagct 


gatctgtgtg 


aacgagaacg 


.gcggctgtga 


gcagtactgc 


420 


agtgaccaca 


cgggcaccaa 


gcgctcctgt 


cggtgccacg 


aggggtactc 


tctgctggca 


480 


gacggggtgt 


cctgcacacc 


cacagttgaa 


tatccatgtg 


gaaaaatacc 


tattctagaa 


540 


aaaagaaatg 


ccagcaaacc 


ccaaggccga 


attgtggggg 


gcaaggtgtg 


ccccaaaggg 


600 


gagtgtccat 


ggcaggtcct 


gttgttggtg 


aatggagctc 


agttgtgtgg 


ggggaccctg 


660 


atcaacacca 


tctgggtggt 


ctccgcggcc 


cactgtttcg 


acaaaatcaa 


gaactggagg 


720 


aacctgatcg 


cggtgctggg 


cgagcacgac 


ctcagcgagc 


acgacgggga 


tgagcagagc 


780 


cqgcgggtgg 


cgcaggtcat 


catccccagc 


acgtacgtcc 


cgggcaccac 


caaccacgac 


840 


atcgcgctgc 


tccgcctgca 


ccagcccgtg 


gtcctcactg 


accatgtggt 


gcccctctgc 


900 


ctgcccgaac 


ggacgttctc 


tgagaggacg 


ctggccttcg 


tgcgcttctc 


attggtcagc 


960 


qqctggggcc 

ZJ^ZJ ZJ ZJ ZJ ZJ 


agctgctgga 


ccgtggcgcc 


acggccctgg 


agctcatggt 


gctcaacgtg 


1020 


ccccggctga 


tgacccagga 


ctgcctgcag 


cagtcacgga 


aggtgggaga 


ctccccaaat 


1080 


atcacggagt 


acatgttctg 


tgccggctac 


tcggatggca 


gcaaggactc 


ctgcaagggg 


1140 


gacagtggag 


gcccacatgc 


CaCCCaC tdL 




aatacctaac 


qgqcatcqtc 

ZJZJZJ 


1200 


agctggggcc 


agggctgcgc 


aaccgtgggc 


cactttgggg 


tgtacaccag 


ggtctcccag 


1260 


tacatcgagt 


ggctgcaaaa 


gctcatgcgc 


tcagagccac 


gcccaggagt 


cctcctgcga 


1320 


gccccatttc 


cc 










1332 



<210> 8 

<211> 444 

<212> PRT 

<213> Homo sapiens 

<400> 8 

Met Val Ser Gin Ala Leu Arg Leu Leu Cys Leu Leu Leu Gly Leu Gin 
15 10 15 

Gly Cys Leu Ala Ala Val Phe Val Thr Gin Glu Glu Ala His Gly Val 
20 25 30 



Leu His Arg Arg Arg Arg Ala Asn Ala Phe Leu Glu Glu Leu Arg Pro 
35 40 45 
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Gly Ser Leu Glu Arg Glu Cys Lys Glu Glu Gin Cys Ser Phe Glu Glu 
50 55 60 



Ala Arg Glu lie Phe Lys Asp Ala Glu Arg Thr Lys Leu Phe Trp He 
65 70 75 80 



Ser Tyr Ser Asp Gly Asp Gin Cys Ala Ser Ser Pro Cys Gin Asn Gly 
85 90 95 



Gly Ser Cys Lys Asp Gin Leu Gin Ser Tyr He Cys Phe Cys Leu Pro 
100 105 HO 



Ala Phe Glu Gly Arg Asn Cys Glu Thr His Lys Asp Asp Gin Leu He 
115 120 125 



Cys Val Asn Glu Asn Gly Gly Cys Glu Gin Tyr Cys Ser Asp His Thr 
130 135 140 



Gly Thr Lys Arg Ser Cys Arg Cys His Glu Gly Tyr Ser Leu Leu Ala 
145 ' "* 150 155 160 



Asp Gly Val Ser Cys Thr Pro Thr Val Glu Tyr Pro Cys Gly Lys He 
165 170 175 



Pro He Leu Glu Lys Arg Asn Ala Ser Lys Pro Gin Gly Arg He Val 
180 185 190 



Gly Gly Lys Val Cys Pro Lys Gly Glu Cys Pro Trp Gin Val Leu Leu 
195 200 205 



Leu Val Asn Gly Ala Gin Leu Cys Gly Gly Thr Leu He Asn . Thr He 
210 215 220 



Trp Val Val Ser Ala Ala His Cys Phe Asp Lys He Lys Asn Trp Arg 
225 230 235 240 



Asn Leu He Ala Val Leu Gly Glu His Asp Leu Ser Glu His Asp Gly 
245 250 255 



Asp Glu Gin Ser Arg Arg Val Ala Gin Val He He Pro Ser Thr Tyr 
260 265 270 
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Val Pro Gly Thr Thr Asn His Asp lie Ala Leu Leu Arg Leu His Gin 
275 280 285 



Pro Val Val Leu Thr Asp His Val Val Pro Leu Cys Leu Pro Glu Arg 
290 295 300 



Thr Phe Ser Glu Arg Thr Leu Ala Phe Val Arg Phe Ser Leu Val Ser 
305 310 315 320 



Gly Trp Gly Gin Leu Leu Asp Arg Gly Ala Thr Ala Leu Glu Leu Met 
325 330 335 



Val Leu Asn Val Pro Arg Leu Met Thr Gin Asp Cys Leu Gin Gin Ser 
340 345 350' 



Arg Lys Val Gly Asp Ser Pro Asn He Thr Glu Tyr Met Phe Cys Ala 
355 ~ 360 365 



Gly Tyr Ser Asp Gly Ser Lys Asp Ser Cys Lys Gly Asp Ser Gly Gly 
370 375 380 



Pro His Ala Thr His Tyr Arg Gly Thr Trp Tyr Leu Thr Gly He Val 
385 390 395 400 

Ser Trp Gly Gin Gly Cys Ala Thr Val Gly His Phe Gly Val Tyr Thr 
405 410 415 



Arg Val Ser Gin Tyr He Glu Trp Leu Gin Lys Leu Met Arg Ser Glu 
420 425 430 



Pro Arg Pro Gly Val Leu Leu Arg Ala Pro Phe Pro 
435 440 



<210> 9 

<211> 1437 

<212> DNA 

<213> Homo sapiens 

<400> 9 

atgcagcgcg tgaacatgat catggcagaa tcaccaagcc tcatcaccat ctgcctttta 60 

ggatatctac tcagtgctga atgtacagtt tttcttgatc atgaaaacgc caacaaaatt 120 

ctgaatcggc caaagaggta taattcaggt aaattggaag agtttgttca agggaacctt 180 
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gagagagaat 


gtatggaaga 


aaagtgtagt 


tttgaagaac 


cacgagaagt 


ttttgaaaac 


240 


actgaaaaga 


caactgaatt 


ttggaagcag 


tatgttgatg 


gagatcagtg 


tgagtccaat 


300 


ccatgtttaa 


atggcggcag 


ttgcaaggat 


gacattaatt 


cctatgaatg 


ttggtgtccc 


360 


tttggatttg 


aaggaaagaa 


ctgtgaatta 


gatgtaacat 


gtaacattaa 


gaatggcaga 


420 


tgcgagcagt 


tttgtaaaaa 


tagtgctgat 


aacaaggtgg 


tttgctcctg 


tactgaggga 


480 


tatcgacttg 


cagaaaacca 


gaagtcctgt 


gaaccagcag 


tgccatttcc 


atgtggaaga 


540 


gtttctgttt 


cacaaacttc 


taagctcacc 


cgtgctgagg 


ctgtttttcc 


tgatgtggac 


600 


tatgtaaatc 


ctactgaagc 


tgaaaccatt 


ttggataaca 


tcactcaagg 


cacccaatca 


660 


tttaatgact 


tcactcgggt 


tgttggtgga 


gaagatgcca 


aaccaggtca 


attcccttgg 


720 


caggttgttt 


tgaatggtaa 


agttgatgca 


ttctgtggag 


gctctatcgt 


taatgaaaaa 


780 


tggattgtaa 


ctgctgccca 


ctgtgttgaa 


actggtgtta 


aaattacagt 


tgtcgcaggt 


840 


gaacataata 


ttgaggagac 


agaacataca 


gagcaaaagc 


gaaatgtgat 


tcgagcaatt 


900 


attcctcacc 


acaactacaa 


tgcagctatt 


aataagtaca 


accatgacat 


tgcccttctg 


960 


gaactggacg 


aacccttagt 


gctaaacagc 


tacgttacac 


ctatttgcat 


tgctgacaag 


1020 


gaatacacga 


acatcttcct 


caaatttgga 


tctggctatg 


taagtggctg 


ggcaagagtc 


1080 


ttccacaaag 


ggagatcagc 


tttagttctt 


cagtacctta 


gagttccact 


tgttgaccga 


1140 


gccacatgtc 


ttcgatctac 


aaagttcacc 


atctataaca 


acatgttctg 


tgctggcttc 


1200 


catgaaggag 


gtagagattc 


atgtcaagga 


gatagtgggg 


gaccccatgt 


tactgaagtg 


1260 


gaagggacca 


gtttcttaac 


tggaattatt 


agctggggtg 


aagagtgtgc 


aatgaaaggc 


1320 


aaatatggaa 


tatataccaa 


ggtatcccgg 


tatgtcaact 


ggattaagga 


aaaaacaaag 


1380 


ctcacttaat 


gaaagatgga 


tttccaaggt 


taattcattg 


gaattgaaaa 


ttaacag 


1437 



<210> 10 

<211> 462 

<212> PRT 

<213> Homo sapiens 

<400> 10 

Met Gin Arg Val Asn Met lie Met Ala Glu Ser Pro Ser Leu lie Thr 
x 5 10 15 

He Cys Leu Leu Gly Tyr Leu Leu Ser Ala Glu Cys Thr Val Phe Leu 
20 * 25 30 
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Asp His Glu Asn Ala Asn Lys lie Leu Asn Arg Pro Lys Arg Tyr Asn 
35 .40 45 



Ser Gly Lys Leu Glu Glu Phe Val Gin Gly Asn Leu Glu Arg Glu Cys 
50 55 60 



Met Glu Glu Lys Cys Ser Phe Glu Glu Pro Arg Glu Val Phe Glu Asn 
65 70 75 80 



Thr Glu Lys Thr Thr Glu Phe Trp Lys Gin Tyr Val Asp Gly Asp Gin 
85 90 95 



Cys Glu Ser Asn Pro Cys Leu Asn Gly Gly Ser Cys Lys Asp Asp He 
100 105 HO 



Asn Ser Tyr Glu Cys Trp Cys Pro Phe Gly Phe Glu Gly Lys Asn Cys 
115 120 125 



Glu Leu Asp Val Thr Cys Asn He Lys Asn Gly Arg Cys Glu Gin Phe 
130 135 140 



Cys Lys Asn Ser Ala Asp Asn Lys Val Val Cys Ser Cys Thr Glu Gly 
145 150 155 160 



Tyr Arg Leu Ala Glu Asn Gin Lys Ser Cys Glu Pro Ala Val Pro Phe 
165 170 175 



Pro Cys Gly Arg Val Ser Val- Ser Gin Thr Ser Lys Leu Thr Arg Ala 
180 185 190 



Glu Ala Val Phe Pro Asp Val Asp Tyr Val Asn Pro Thr Glu Ala Glu 
195 200 205 



Thr He Leu Asp Asn He Thr Gin Gly Thr Gin Ser Phe Asn Asp Phe 
210 215 220 



Thr Arg Val Val Gly Gly Glu Asp Ala Lys Pro Gly Gin Phe Pro Trp 
225 ~ 230 235 240 



Gin Val Val Leu Asn Gly Lys Val Asp Ala Phe Cys Gly Gly Ser He 
245 250 255 
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Val Asn Glu Lys Trp lie Val Thr Ala Ala His Cys Val Glu Thr Gly 
260 265 270 



Val Lys He Thr Val Val Ala Gly Glu His Asn He Glu Glu Thr Glu 
275 280 * 285 



His Thr Glu Gin Lys Arg Asn Val He Arg Ala He He Pro His His 
290 295 300 



Asn Tyr Asn Ala Ala He Asn Lys Tyr Asn His Asp He Ala Leu Leu 
305 310 315 320 



Glu Leu Asp Glu Pro Leu Val Leu Asn Ser Tyr Val Thr Pro He Cys 
325 330 335 



He Ala Asp Lys Glu Tyr Thr Asn He Phe Leu Lys Phe Gly Ser Gly 
340 345 350 



Tyr Val Ser Gly Trp Ala Arg Val Phe His Lys Gly Arg Ser Ala Leu 
355 360 365 



Val Leu Gin Tyr Leu Arg Val Pro Leu Val Asp Arg Ala Thr Cys Leu 
370 375 380 



Arg Ser Thr Lys Phe Thr He Tyr Asn Asn Met Phe Cys Ala Gly Phe 
385 390 395 400 



His Glu Gly Gly Arg Asp Ser Cys Gin Gly Asp Ser Gly Gly Pro His 
405 410 415 



Val Thr Glu Val Glu Gly Thr Ser Phe Leu Thr Gly He He Ser Trp 
420 * 425 430 



Gly Glu Glu Cys Ala Met Lys Gly Lys Tyr Gly He Tyr Thr Lys Val 
435 440 445 



Ser Arg Tyr Val Asn Trp He Lys Glu Lys Thr Lys Leu Thr 
450 455 460 



<210> 11 

<211> 603 

<212> DNA 

<213> Homo sapiens 
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<i*X V \J ^ XX 

atggattact 


acagaaaata 


tgeagctate 


tttctggtca 


cattgtcggt gtttctgeat 


60 


gttctccatt 


ccgctcctga 


tgtgcaggat 


tgcccagaat 


gcacgctaca ggaaaaccca 


120 


ttcttctccc 


agccgggtgc 


cccaatactt 


cagtgcatgg 


getgetgett ctctagagca 


180 


tatcccactc 


cactaaggtc 


caagaagacg 


atgttggtcc 


aaaagaacgt cacctcagag 


240 


tccacttgct 


gtgtagctaa 


atcatataac 


agggtcacag 


taatgggggg tttcaaagtg 


300 


gagaaccaca 


cggcgtgcca 


ctgeagtact 


tgttattatc 


acaaatctta aatgttttac 


360 


caagtgctgt 


cttgatgact 


gctgattttc 


tggaatggaa 


aattaagttg tttagtgttt 


420 


atggctttgt 


gagataaaac 


tctccttttc 


cttaccatac 


cactttgaca cgcttcaagg 


480 


atatactgca 


getttactge 


cttcctcctt 


atcctacagt 


acaatcagca gtctagttct 


540 


tttcatttgg 
ate 


aatgaataca 


gcattaagct 


tgttccactg 


caaataaagc cttttaaatc 


600 
603 



<210> 12 

<211> 116 

<212> PRT 

<213> Homo sapiens 

<400> 12 

Met Asp Tyr Tyr Arg Lys Tyr Ala Ala lie Phe Leu Val Thr Leu Ser 
15 10 15 



Val Phe Leu His Val Leu His Ser Ala Pro Asp Val Gin Asp Cys Pro 
20 25 30 



Glu Cys Thr Leu Gin Glu Asn Pro Phe Phe Ser Glri Pro Gly Ala Pro 
35 40 45 



He Leu Gin Cys Met Gly Cys Cys Phe Ser Arg Ala Tyr Pro Thr Pro 
50 55 60 



Leu Arg Ser Lys Lys Thr Met Leu Val Gin Lys Asn Val Thr Ser Glu 
65 70 75 80 



Ser Thr Cys Cys Val Ala Lys Ser Tyr Asn Arg Val Thr Val Met Gly 
85 90 95 



Gly Phe Lys Val Glu Asn His Thr Ala Cys His Cys Ser Thr Cys Tyr 
100 105 HO 
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Tyr His Lys Ser 
115 



<210> 13 

<211> 390 

<212> DNA 

<213> Homo sapiens 

<400> 13 

atgaagacac tccagttttt cttccttttc tgttgctgga aagcaatctg ctgcaatagc 60 

tgtgagctga ccaacatcac cattgcaata gagaaagaag aatgtcgttt ctgcataagc 120 

atcaacacca cttggtgtgc tggctactgc tacaccaggg atctggtgta taaggaccca 180 

gccaggccca aaatccagaa aacatgtacc ttcaaggaac tggtatatga aacagtgaga 240 

gtgcccggct gtgctcacca tgcagattcc ttgtatacat acccagtggc cacccagtgt 300 

cactgtggca agtgtgacag cgacagcact gattgtactg tgcgaggcct ggggcccagc 360 

tactgctcct ttggtgaaat gaaagaataa 3 90 



<210> 14 

<211> 129 

<212> PRT 

<213> Homo sapiens 

<400> 14 

Met Lys Thr Leu Gin Phe Phe Phe Leu Phe Cys Cys Trp Lys Ala lie 
15 10 15 



Cys Cys Asn Ser Cys Glu Leu Thr Asn lie Thr lie Ala lie Glu Lys 
20 .25 30 



Glu Glu Cys Arg Phe Cys He Ser He Asn Thr Thr Trp Cys Ala Gly 
35 40 45 



Tyr Cys Tyr Thr Arg Asp Leu Val Tyr Lys Asp Pro Ala Arg Pro Lys 
50 55 60 



He Gin Lys Thr Cys Thr Phe Lys Glu Leu Val Tyr Glu Thr Val Arg 
65 70 75 80 



Val Pro Gly Cys Ala His His Ala Asp Ser Leu Tyr Thr Tyr Pro Val 
85 90 95 
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Ala Thr Gin Cys His Cys Gly Lys Cys Asp Ser Asp Ser Thr Asp Cys 
100 105 HO 

Thr Val Arg Gly Leu Gly. Pro Ser Tyr Cys Ser Phe Gly Glu Met Lys 
115 120 125 

Glu 



<210> 15 

<211> 1342 

<212> DNA 

<213> Homo sapiens 



<400> 15 



cccggagccg 


gaccggggcc 


accgcgcccg 


ctctgctccg 


acaccgcgcc 


ccctggacag 


60 


ccgccctctc 


ctccaggccc 


gtggggctgg 


ccctgcaccg 


ccgagcttcc 


cgggatgagg 


120 


qcccccqgtg 


tggtcacccg 


gcgcgcccca 


ggtcgctgag 


ggaccccggc 


caggcgcgga 


180 


aatQQQQCftQ 


cacgaatgtc 


ctgcctggct 


gtggcttctc 


ctgtccctgc 


tgtcgctccc 


240 


tctgggcctc 


ccagtcctgg 


gcgccccacc 


acgcctcatc 


tgtgacagcc 


gagtcctgga 


300 


gaggtacctc 


ttggaggcca 


aggaggccga 


gaatatcacg 


acgggctgtg 


ctgaacactg 


360 


cagcttgaat 


y dyaat a. LCd 


L» l> y u v» *~ w ciy c* 


raccaaacrt t 


aatttctatg 


cctggaagag 


420 


gatggaggtc 


gggcagcagg 


ccgtagaagt 


ctggcagggc 


ctggccctgc 


tgtcggaagc 


480 


tgtcctgcgg 


ggccaggccc 


tgttggtcaa 


ctcttcccag 


ccgtgggagc 


ccctgcagct 


540 


gcatgtggat 


aaagccgtca 


gtggccttcg 


cagcctcacc 


actctgcttc 


gggctctgcg 


600 


agcccagaag 


gaagccatct 


cccctccaga 


tgcggcctca 


gctgctccac 


tccgaacaat 


660 


cactgctgac 


actttccgca 


aactcttccg 


agtctactcc 


aatttcctcc 


ggggaaagct 


720 


gaagctgtac 


acaggggagg 


cctgcaggac 


aggggacaga 


tgaccaggtg 


tgtccacctg 


780 


ggcatatcca 


ccacctccct 


caccaacatt 


gcttgtgcca 


caccctcccc 


cgccactcct 


840 


gaaccccgtc 


gaggggctct 


cagctcagcg 


ccagcctgtc 


ccatggacac 


tccagtgcca 


900 


gcaatgacat 


ctcaggggcc 


agaggaactg 


tccagagagc 


aactctgaga 


tctaaggatg 


960 


tcacagggcc 


aacttgaggg 


cccagagcag 


gaagcattca 


gagagcagct 


ttaaactcag 


1020 


ggacagagcc 


atgctgggaa 


gacgcctgag 


ctcactcggc 


accctgcaaa 


atttgatgcc 


1080 


aggacacgct 


ttggaggcga 


tttacctgtt 


ttcgcaccta 


ccatcaggga 


caggatgacc 


1140 
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tggagaactt 


aggtggcaag 


ctgtgacttc 


tccaggtctc 


acgggcatgg 


gcactccctt 


1200 


ggtggcaaga 


gcccccttga 


caccggggtg 


gtgggaacca 


tgaagacagg 


atgggggctg 


1260 


gcctctggct 


ctcatggggt 


ccaagttttg 


tgtattcttc 


aacctcattg 


acaagaactg 


1320 


aaaccaccaa 


aaaaaaaaaa 


aa 








1342 



<210> 16 

<211> 193 

<212> PRT 

<213> Homo sapiens 

<400> 16 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
15 10 15 



Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 



lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 



Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 80 



Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 90 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 HO 



Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 125 



Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Arg Ala Gin Lys Glu 
130 135 140 



Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 
145 150 155 160 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
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165 170 175 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 190 

Arg 

<210> 17 

<211> 435 

<212> DNA 

<213> Homo sapiens 

<400> 17 

atgtggctgc agagcctgct gctcttgggc actgtggcct gcagcatctc tgcacccgcc 60 

cgctcgccca gccccagcac gcagccctgg gagcatgtga atgccatcca ggaggcccgg 120 

cgtctcctga acctgagtag agacactgct gctgagatga atgaaacagt agaagtcatc 180 

tcagaaatgt ttgacctcca ggagccgacc tgcctacaga cccgcctgga gctgtacaag 240 

cagggcctgc ggggcagcct caccaagctc aagggcccct tgaccatgat ggccagccac 300 

tacaagcagc actgccctcc aaccccggaa acttcctgtg caacccagat tatcaccttt 360 

gaaagtttca aagagaacct gaaggacttt ctgcttgtca tcccctttga ctgctgggag 42 0 
ccagtccagg agtga 



<210> 18 

<211> 144 

<212> PRT 

<213> Homo sapiens 

<400> 18 

Met Trp Leu Gin Ser Leu Leu Leu Leu Gly Thr Val Ala Cys Ser lie 
1 5 .10 15 



Ser Ala Pro Ala Arg Ser Pro Ser Pro Ser Thr Gin Pro Trp Glu His 
20 25 30 



Val Asn Ala He Gin Glu Ala Arg Arg Leu Leu Asn Leu Ser Arg Asp 
35 40 45 



Thr Ala Ala Glu Met Asn Glu Thr Val Glu Val He Ser Glu Met Phe 
50 . 55 60 



435 
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Asp Leu Gin Glu Pro Thr Cys Leu Gin Thr Arg Leu Glu Leu Tyr Lys 
65 70 75 80 



Gin Gly Leu Arg Gly Ser Leu Thr Lys Leu Lys Gly Pro Leu Thr Met 
85 90 95 



Met Ala Ser His Tyr Lys Gin His Cys Pro Pro Thr Pro Glu Thr Ser 
100 105 HO 



Cys Ala Thr Gin lie lie Thr Phe Glu Ser Phe Lys Glu Asn Leu Lys 
115 ' 120 125 



Asp Phe Leu Leu Val He Pro Phe Asp Cys Trp Glu Pro Val Gin Glu 
130 135 140 



<210> 19 

<211> 501 

<212> DNA 

<213> Homo sapiens 












<400> 19 
atgaaatata 


caagttatat 


cttggctttt 


cagctctgca 


tcgttttggg 


ttctcttggc 


60 


tgttactgcc 


aggacccata 


tgtaaaagaa 


gcagaaaacc 


ttaagaaata 


ttttaatgca 


120 


ggtcattcag 


atgtagcgga 


taatggaact 


cttttcttag 


gcattttgaa 


gaattggaaa 


180 


gaggagagtg 


acagaaaaat 


aatgcagagc 


caaattgtct 


ccttttactt 


caaacttttt 


240 


aaaaacttta 


aagatgacca 


gagcatccaa aagagtgtgg 


agaccatcaa ggaagacatg 


300 


aatgtcaagt 


ttttcaatag 


caacaaaaag 


aaacgagatg 


acttcgaaaa gctgactaat 


360 


tattcggtaa 


ctgacttgaa 


tgtccaacgc 


aaagcaatac 


atgaactcat 


ccaagtgatg 


420 


gctgaactgt 


cgccagcagc 


taaaacaggg 


aagcgaaaaa 


ggagtcagat 


gctgtttcga 


. 480 


ggtcgaagag 


catcccagta 


a 








501 



<210> 20 

<211> 166 

<212> PRT 

<213> Homo sapiens 

<400> 20 

Met Lys Tyr Thr Ser Tyr He Leu Ala Phe Gin Leu Cys He Val Leu 
1 " 5 10 15 



Gly Ser Leu Gly Cys Tyr Cys Gin Asp Pro Tyr Val Lys Glu Ala Glu 
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20 25 30 



Asn Leu Lys Lys Tyr Phe Asn Ala Gly His Ser Asp Val Ala Asp Asn 
35 40 45 



Gly Thr Leu Phe Leu Gly lie Leu Lys Asn Trp Lys Glu Glu Ser Asp 
50 55 60 



Arg Lys lie Met Gin Ser Gin He Val Ser Phe Tyr Phe Lys Leu Phe 
65 70 75 80 



Lys Asn Phe Lys Asp Asp Gin Ser He Gin Lys Ser Val Glu Thr He 
85 90 95 



Lys Glu Asp Met Asn Val Lys Phe Phe Asn Ser Asn Lys Lys Lys Arg 
iOO 105 HO 



Asp Asp Phe Glu Lys Leu Thr Asn Tyr Ser Val Thr Asp Leu Asn Val 
115 120 125 



Gin Arg Lys Ala He His Glu Leu He Gin Val Met Ala Glu Leu Ser 
130 135 140 



Pro Ala Ala Lys Thr Gly Lys Arg Lys Arg Ser Gin Met Leu Phe Arg 
145 150 155 160 



Gly Arg Arg Ala Ser Gin 
165 



<210> 21 

<211> 1352 

<212> DNA 

<213> Homo sapiens 

<400> 21 

ctgggacagt gaatcgacaa tgccgtcttc tgtctcgtgg ggcatcctcc tgctggcagg 60 

cctgtgctgc ctggtccctg tctccctggc tgaggatccc cagggagatg ctgcccagaa 120 

gacagataca tcccaccatg atcaggatca cccaaccttc aacaagatca cccccaacct 180 

ggctgagttc gccttcagcc tataccgcca gctggcacac cagtccaaca gcaccaatat 240 

cttcttctcc ccagtgagca tcgctacagc ctttgcaatg ctctccctgg ggaccaaggc 300 

tgacactcac gatgaaatcc tggagggcct gaatttcaac' ctcacggaga ttccggaggc 360 
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tcagatccat 


gaaggcttcc 


aggaactcct 


ccgtaccctc aaccagccag 


acagccagct 


420 


ccagctgacc 


accggcaatg 


gcctgttcct 


cagcgagggc ctgaagctag 


tggataagtt 


480 


tttggaggat 


gttaaaaagt 


tgtaccactc 


agaagccttc actgtcaact 


tcggggacac 


540 


cgaagaggcc 


aagaaacaga 


tcaacgatta 


cgtggagaag ggtactcaag 


ggaaaattgt 


600 


ggatttggtc 


aaggagcttg 


acagagacac 


agtttttgct ctggtgaatt 


acatcttctt 


660 


taaaggcaaa 


tgggagagac 


cctttgaagt 


caaggacacc gaggaagagg 


acttccacgt 


720 


ggaccaggtg 


accaccgtga 


aggtgcctat 


gatgaagcgt ttaggcatgt 


ttaacatcca 


780 


gcactgtaag 


aagctgtcca 


gctgggtgct 


gctgatgaaa, tacctgggca 


atgccaccgc 


840 


catcttcttc 


ctgcctgatg 


aggggaaact 


acagcacctg gaaaatgaac 


tcacccacga 


900 


tatcatcacc 


aagttcctgg 


aaaatgaaga 


cagaaggtct gccagcttac 


atttacccaa 


960 


actgtccatt 


actggaacct 


atgatctgaa 


gagcgtcctg ggtcaactgg 


gcatcactaa 


1020 


ggtcttcagc 


aatggggctg 


acctctccgg 


ggtcacagag gaggcacccc 


tgaagctctc 


1080 


caaggccgtg 


cataaggctg 


tgctgaccat 


cgacgagaaa gggactgaag 


ctgctggggc 


1140 


catgttttta 


gaggccatac 


ccatgtctat 


cccccccgag gtcaagttca 


acaaaccctt 


1200 


tgtcttctta 


atgattgaac 


aaaataccaa 


gtctcccctc ttcatgggaa 


aagtggtgaa 


1260 


tcccacccaa 


aaataactgc 


ctctcgctcc 


tcaacccctc ccctccatcc 


ctggccccct 


1320 


ccctggatga 


cattaaagaa 


gggttgagct 


gg 




1352 



<210> 22 

<211> 418 

<212> PRT 

<213> Homo sapiens 

<400> 22 

Met Pro Ser Ser Val Ser Trp Gly lie Leu Leu Leu Ala Gly Leu Cys 
15 10 15 

Cys Leu Val Pro Val Ser Leu Ala Glu Asp Pro Gin Gly Asp Ala Ala 
20 25 30 

Gin Lys Thr Asp Thr Ser His His Asp Gin Asp His Pro Thr Phe Asn 
35 40 45 

Lys He Thr Pro Asn Leu Ala Glu Phe Ala Phe Ser Leu Tyr Arg Gin 
50 55 60 
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Leu Ala His Gin Ser Asn Ser Thr Asn He Phe Phe Ser Pro Val Ser 
65 70 75 80 



He Ala Thr Ala Phe Ala Met Leu Ser Leu Gly Thr Lys Ala Asp Thr 
85 90 95 



His Asp Glu He Leu Glu Gly Leu Asn Phe Asn Leu Thr Glu He Pro 
100 105 HO 



Glu Ala Gin He His Glu Gly Phe Gin Glu Leu Leu Arg Thr Leu Asn 
115 120 125 



Gin Pro Asp Ser Gin Leu Gin Leu Thr Thr Gly Asn Gly Leu Phe Leu 
130 135 140 



Ser Glu Gly Leu Lys Leu Val Asp Lys Phe Leu Glu Asp Val Lys Lys 
145 150 155 160 

Leu Tyr His Ser Glu Ala Phe Thr Val Asn Phe Gly Asp Thr Glu Glu 
165 170 175 



Ala Lys Lys Gin He Asn Asp Tyr Val Glu Lys Gly Thr Gin Gly Lys 
180 185 190 



He Val Asp Leu Val Lys Glu Leu Asp Arg Asp Thr Val Phe Ala Leu 
195 200 205 

Val Asn Tyr He Phe Phe Lys Gly Lys Trp Glu Arg Pro Phe Glu Val 
210 215 220 



Lys Asp Thr Glu Glu Glu Asp Phe His Val Asp Gin Val Thr Thr Val 
225 230 235 240 



Lys Val Pro Met Met Lys Arg Leu Gly Met Phe Asn He Gin His Cys 
245 250 255 



Lys Lys Leu Ser Ser Trp Val Leu Leu Met Lys Tyr Leu Gly Asn Ala 
260 265 270 



Thr Ala He Phe Phe Leu Pro Asp Glu Gly Lys Leu Gin His Leu Glu 
275 280 285 
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Asn Glu Leu Thr His Asp lie He Thr Lys Phe Leu Glu Asn Glu Asp 
290 295 300 



Arg Arg Ser Ala Ser Leu His Leu Pro Lys Leu Ser He Thr Gly Thr 
305 310 315 320 



Tyr Asp Leu Lys Ser Val Leu Gly Gin Leu Gly He Thr Lys Val Phe 
325 330 335 



Ser Asn Gly Ala Asp Leu Ser Gly Val Thr Glu Glu Ala Pro Leu Lys 
340 345 350 



Leu Ser Lys Ala Val His Lys Ala Val Leu Thr lie Asp Glu Lys Gly 
355 360 365 



Thr Glu Ala Ala Gly Ala Met Phe Leu Glu Ala He Pro Met Ser He 
370 375 380 



Pro Pro Glu Val Lys Phe Asn Lys Pro Phe Val Phe Leu Met He Glu 
385 390 395 400 



Gin Asn Thr Lys Ser Pro Leu Phe Met Gly Lys Val Val Asn Pro Thr 
405 410 415 



Gin Lys 



<210> 23 

<211> 2004 

<212> DNA 

<213> Homo sapiens 

<400> 23 



gctaacctag 


tgcctatagc 


taaggcaggt 


acctgcatcc 


ttgtttttgt 


ttagtggatc 


60 


ctctatcctt cagagactct 


ggaacccctg 


tggtcttctc 


ttcatctaat 


gaccctgagg 


120 


ggatggagtt 


ttcaagtcct 


tccagagagg 


aatgtcccaa 


gcctttgagt 


agggtaagca 


180 


tcatggctgg cagcctcaca 


ggtttgcttc 


tacttcaggc 


agtgtcgtgg 


gcatcaggtg 


240 


cccgcccctg 


catccctaaa 


agcttcggct 


acagctcggt 


ggtgtgtgtc 


tgcaatgcca 


300 


catactgtga 


ctcctttgac 


cccccgacct 


ttcctgccct 


tggtaccttc 


agccgctatg 


360 


agagtacacg 


cagtgggcga 


cggatggagc 


tgagtatggg 


gcccatccag 


gctaatcaca 


420 


cgggcacagg 


cctgctactg 


accctgcagc 


cagaacagaa 


gttccagaaa 


gtgaagggat 


480 



i 
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ttggaggggc 


catgacagat 


gctgctgctc 


tcaacatcct tgccctgtca ccccctgccc 


540 


aaaatttgct 


acttaaatcg 


tacttctctg 


aagaaggaat eggatataac ateatceggg 


600 


tacccatggc 


cagctgtgac 


ttctccatcc 


gcacctacac etatgeagae acccctgatg 


660 


atttccagtt 


gcacaacttc 


agcctcccag 


aggaagatac caagctcaag atacccctga 


720 


ttcaccgagc 


cctgcagttg 


gcccagcgtc 


ccgtttcact ccttgccagc ccctggacat 


780 


cacccacttg 


gctcaagacc 


aatggagcgg 


tgaatgggaa ggggtcactc aagggacagc 


840 


ccggagacat 


ctaccaccag 


acctgggcca 


gatactttgt gaagttcctg gatgectatg 


900 


♦ctgagcacaa 


gttacagttc 


tgggcagtga 


cagctgaaaa tgagecttet gctgggctgt 


960 


tgagtggata 


ccccttccag 


tgcctgggct 


tcacccctga acatcagega gacttcattg 


1020 


cccgtgacct 


aggtcctacc 


ctcgccaaca 


gtactcacca caatgtccgc ctactcatgc 


1080 


tggatgacca 


aegcttgetg 


ctgccccact 


gggcaaaggt ggtactgaca gacccagaag 


1140 


cagctaaata 


tgttcatggc 


attgetgtae 


attggtacct ggactttctg gctccagcca 


1200 


aagccaccct 


aggggagaca 


caccgcctgt 


tccccaacac catgetcttt gectcagagg 


1260 


cctgtgtggg 


ctccaagttc 


tgggagcaga 


gtgtgcggct aggctcctgg gatcgaggga 


1320 


tgcagtacag 


ccacagcatc 


atcacgaacc 


tcctgtacca tgtggtcggc tggaccgact 


1380 


ggaaccttgc 


cctgaacccc 


gaaggaggac 


ccaattgggt gcgtaacttt gtcgacagtc 


1440 


ccatcattgt 


agacatcacc 


aaggacacgt 


tttacaaaca gcccatgttc taccaccttg 


1500 


gccacttcag 


caagttcatt 


cctgagggct 


cccagagagt ggggctggtt gecagtcaga 


1560 


agaacgacct 


ggacgcagtg 


geactgatge 


atcccgatgg ctctgctgtt gtggtcgtgc 


1620 


taaaccgctc 


ctctaaggat 


gtgectctta 


ccatcaagga tcctgctgtg ggcttcctgg 


1680 


agacaatctc 


acctggctac 


tccattcaca 


cctacctgtg gcatcgccag tgatggagca 


1740 


gatactcaag 


gaggcactgg 


gctcagcctg 


ggcattaaag ggacagagtc agctcacacg 


1800 


c t - crt" n fc at" era 


GtaaaaaaQQ 


cacagcaggg 


ccagtgtgag ettacagega cgtaagccca 


1860 


ggggcaatgg 


tttgggtgac 


tcactttccc 


ctctaggtgg tgcccagggc tggaggcccc 


1920 


tagaaaaaga 


teagtaagee 


ccagtgtccc 


cccagccccc atgcttatgt gaacatgege 


1980 


tgtgtgctgc 


ttgctttgga 


aact 




2004 



<210> 24 
<211> 536 
<212> PRT 
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<213> Homo sapiens 
<400> 24 

Met Glu Phe Ser Ser Pro Ser Arg Glu Glu Cys Pro Lys Pro Leu Ser 
15 10 15 



Arg Val Ser lie Met Ala Gly Ser Leu Thr Gly Leu Leu Leu Leu Gin 
20 -25 30 



Ala Val Ser Trp Ala Ser Gly Ala Arg Pro Cys He Pro Lys Ser Phe 
35 40 45 



Gly Tyr Ser Ser Val Val Cys Val Cys Asn Ala Thr Tyr Cys Asp Ser 
50 55 60 



Phe Asp Pro Pro Thr Phe Pro Ala Leu Gly Thr Phe Ser Arg Tyr Glu 
65 ~ 70 75 80 



Ser Thr Arg Ser Gly Arg Arg Met Glu Leu Ser Met Gly Pro He Gin 
85 90 95 



Ala Asn His Thr Gly Thr Gly Leu Leu Leu Thr Leu Gin Pro Glu Gin 
100 105 HO 



Lys Phe Gin Lys Val Lys Gly Phe Gly Gly Ala Met Thr Asp Ala Ala 
115 120 125 



Ala Leu Asn He Leu Ala Leu Ser Pro Pro Ala Gin Asn Leu Leu Leu 
130 135 140 



Lys Ser Tyr Phe Ser Glu Glu Gly He Gly Tyr Asn He He Arg Val 
145 ~ 150 155 160 



Pro Met Ala Ser Cys Asp Phe Ser He Arg Thr Tyr Thr Tyr Ala Asp 
165 170 175 



Thr Pro Asp Asp Phe Gin Leu His Asn Phe Ser Leu Pro Glu Glu Asp 
180 185 190 



Thr Lys Leu Lys He Pro Leu He His Arg Ala Leu Gin Leu Ala Gin 
195 200 205 



Arg Pro Val Ser Leu Leu Ala Ser Pro Trp Thr Ser Pro Thr Trp Leu 
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210 215 220 



Lys Thr Asn Gly Ala Val Asn Gly Lys Gly Ser Leu Lys Gly Gin Pro 
225 230 235 240 



Gly Asp lie Tyr His Gin Thr Trp Ala Arg Tyr Phe Val Lys Phe Leu 
245 250 255 



Asp Ala Tyr Ala Glu His Lys Leu Gin Phe Trp Ala Val Thr Ala Glu 
260 265 270 



Asn Glu Pro Ser Ala Gly Leu Leu Ser Gly Tyr Pro Phe Gin Cys Leu 
275 280 285 



Gly Phe Thr Pro Glu His Gin Arg Asp Phe lie Ala Arg Asp Leu Gly 
290 295 300 



Pro Thr Leu Ala Asn Ser Thr His His Asn Val Arg Leu Leu Met Leu 
305 310 315 320 



Asp Asp Gin Arg Leu Leu Leu Pro His Trp Ala Lys Val Val Leu Thr 
325 330 335 



Asp Pro Glu Ala Ala Lys Tyr Val His Gly He Ala Val His Trp Tyr 
340 345 350 



Leu Asp Phe Leu Ala Pro Ala Lys Ala Thr Leu Gly Glu Thr His Arg 
355 360 365 



Leu Phe Pro Asn Thr Met Leu Phe Ala Ser Glu Ala Cys Val Gly Ser 
370 375 380 



Lys Phe Trp Glu Gin Ser Val Arg Leu Gly Ser Trp Asp Arg Gly Met 
385 390 395 400 



Gin Tyr Ser His Ser He He Thr Asn Leu Leu Tyr His Val Val Gly 
405 410 415 



Trp Thr Asp Trp Asn Leu Ala Leu Asn Pro Glu Gly Gly Pro Asn Trp 
420 425 430 



Val Arg Asn Phe Val Asp Ser Pro He He Val Asp He Thr Lys Asp 
435 440 445 
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Thr Phe Tyr Lys Gin Pro Met Phe Tyr His Leu Gly His Phe Ser Lys 
450 455 460 

Phe lie Pro Glu Gly Ser Gin Arg Val Gly Leu Val Ala Ser Gin Lys 
465 470 475 480 

Asn Asp Leu Asp Ala Val Ala Leu Met His Pro Asp Gly Ser Ala Val 
485 490 495 

Val Val Val Leu Asn Arg Ser Ser Lys Asp Val Pro Leu Thr He Lys 
500 505 510 

Asp Pro Ala Val Gly Phe Leu Glu Thr He Ser Pro Gly Tyr Ser He 
515 520 525 

His Thr Tyr Leu Trp His Arg Gin 
530 535 

<210> 25 

<211> 1726 

<212> DNA 

<213> Homo sapiens 



<400> 25 



atggatgcaa 


tgaagagagg 


gctctgctgt 


gtgctgctgc 


tgtgtggagc 


agtcttcgtt 


60 


tcgcccagcc 


aggaaatcca 


tgcccgattc 


agaagaggag 


ccagatctta 


ccaagtgatc 


120 


tgcagagatg 


aaaaaacgca 


gatgatatac 


cagcaacatc 


agtcatggct 


gcgccctgtg 


180 


ctcagaagca 


accgggtgga 


atattgctgg 


tgcaacagtg 


gcagggcaca 


gtgccactca 


240 


gtgcctgtca 


aaagttgcag 


cgagccaagg 


tgtttcaacg 


ggggcacctg 


ccagcaggcc 


300 


ctgtacttct 


cagatttcgt 


gtgccagtgc 


cccgaaggat 


ttgctgggaa 


gtgctgtgaa 


360 


atagatacca 


gggccacgtg 


ctacgaggac 


cagggcatca 


gctacagggg 


cacgtggagc 


420 


acagcggaga 


gtggcgccga 


gtgcaccaac 


tggaacagca 


gcgcgttggc 


ccagaagccc 


480 


tacagcgggc 


ggaggccaga 


cgccatcagg 


ctgggcctgg 


ggaaccacaa 


ctactgcaga 


540 


aacccagatc 


gagactcaaa 


gccctggtgc 


tacgtcttta 


aggcggggaa 


gtacagctca 


600 


gagttctgca 


gcacccctgc 


ctgctctgag 


ggaaacagtg 


actgctactt 


tgggaatggg 


660 


tcagcctacc 


gtggcacgca 


cagcctcacc 


gagtcgggtg 


cctcctgcct 


cccgtggaat 


720 


tccatgatcc 


tgataggcaa 


ggtttacaca 


gcacagaacc 


ccagtgccca 


ggcactgggc 


780 
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ctgggcaaac 


ataattactg 


ccggaatcct 


gatggggatg 


ccaagccctg gtgccacgtg 


840 


ctgaagaacc 


gcaggctgac 


gtgggagtac 


tgtgatgtgc 


cctcctgctc 


cacctgcggc 


900 


ctgagacagt 


acagccagcc 


tcagtttcgc 


atcaaaggag 


ggctcttcgc 


cgacatcgcc 


960 


tcccacccct 


ggcaggctgc 


catctttgcc 


aagcacagga 


ggtcgccggg 


agagcggttc 


1020 


ctgtgcgggg 


gcatactcat 


cagctcctgc 


tggattctct 


ctgccgccca 


ctgcttccag 


1080 


gagaggtttc 


cgccccacca 


cctgacggtg 


atcttgggca 


gaacataccg ggtggtccct 


1140 


ggcgaggagg 


agcagaaatt 


tgaagtcgaa 


aaatacattg 


tccataagga 


attcgatgat 


1200 


gacacttacg 


acaatgacat 


tgcgctgctg 


cagctgaaat 


cggattcgtc 


ccgctgtgcc 


1260 


caggagagca 


gcgtggtccg 


cactgtgtgc 


cttcccccgg 


cggacctgca 


gctgccggac 


1320 


tggacggagt 


gtgagctctc 


cggctacggc 


aagcatgagg 


ccttgtctcc 


tttctattcg 


1380 


gagcggctga 


aggaggctca 


tgtcagactg 


tacccatcca 


gccgctgcac 


atcacaacat 


1440 


ttacttaaca 


gaacagtcac 


cgacaacatg 


ctgtgtgctg 


gagacactcg gagcggcggg 


1500 


ccccaggcaa 


acut.gca.cyci 




csctca a 1 1 c cxcr 


gaggccccct 


ggtgtgtctg 


1560 


aacgatggcc 


gcatgacttt 


ggtgggcatc 


atcagctggg 


gcctgggctg 


tggacagaag 


1620 


gatgtcccgg 


gtgtgtacac 


caaggttacc 


aactacctag 


actggattcg 


tgacaacatg 


1680 


cgaccgtgac 


caggaacacc 


cgactcctca 


aaagcaaatg 


agatcc 




1726 



<210> 26 

<211> 562 

<212> PRT 

<213> Homo sapiens 

<400> 26 

Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu Cys Gly 
1 5 10 15 

Ala Val Phe Val Ser Pro Ser Gin Glu He His Ala Arg Phe Arg Arg 
20 25 30 

Gly Ala Arg Ser Tyr Gin Val He Cys Arg Asp Glu Lys Thr Gin Met 
35 40 45 

He Tyr Gin Gin His Gin Ser Trp Leu Arg Pro Val Leu Arg Ser Asn 
50 55 60 
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Arg Val Glu Tyr Cys Trp Cys Asn Ser Gly Arg Ala Gin Cys His Ser 
65 * 70 75 80 



Val Pro Val Lys Ser Cys Ser Glu Pro Arg Cys Phe Asn Gly Gly Thr 
85 90 95 



Cys Gin Gin Ala Leu Tyr Phe Ser Asp Phe Val Cys Gin Cys ■ Pro Glu 
100 105 110 



Gly Phe Ala Gly Lys Cys Cys Glu He Asp Thr Arg Ala Thr Cys Tyr 
115 120 125 



Glu Asp Gin Gly He Ser Tyr Arg Gly Thr Trp Ser Thr Ala Glu Ser 
130 ' 135 140 



Gly Ala Glu Cys Thr Asn Trp Asn Ser Ser Ala Leu Ala Gin Lys 4 Pro 

145 150 155 160 

Tyr Ser Gly Arg Arg Pro Asp Ala He Arg Leu Gly Leu Gly Asn His 

165 170 175 



Asn Tyr Cys Arg Asn Pro Asp Arg Asp Ser Lys Pro Trp Cys Tyr Val 
180 185 190 



Phe Lys Ala Gly Lys Tyr Ser Ser Glu Phe Cys Ser Thr Pro Ala Cys 
195 200 . 205 



Ser Glu Gly Asn Ser Asp Cys Tyr Phe Gly Asn Gly Ser Ala Tyr Arg 
210 4 215 220 



Gly Thr His Ser Leu Thr Glu Ser Gly Ala Ser Cys Leu Pro Trp Asn 
225 230 235 240 



Ser Met He Leu He Gly Lys Val Tyr Thr Ala Gin Asn Pro Ser Ala 
245 250 255 



Gin Ala Leu Gly Leu Gly Lys His Asn Tyr Cys Arg Asn Pro Asp Gly 
260 265 270 



Asp Ala Lys Pro Trp Cys His Val Leu Lys Asn Arg Arg Leu Thr Trp 
275 280 285 



Glu Tyr Cys Asp Val Pro Ser Cys Ser Thr Cys Gly Leu Arg Gin Tyr 



28/86 



WO 03/031464 ^ PCT/US02/32263 

290 295 300 



Ser Gin Pro Gin Phe Arg lie Lys Gly Gly Leu Phe Ala Asp He Ala 
305 310 315 320 



Ser His Pro Trp Gin Ala Ala He Phe Ala Lys His Arg Arg Ser Pro 
325 330 335 



Gly Glu Arg Phe Leu Cys Gly Gly He Leu He Ser Ser Cys Trp He 
340 345 350 



Leu Ser Ala Ala His Cys Phe Gin Glu Arg Phe Pro Pro His His Leu 
355 360 365 



Thr Val He Leu Gly Arg Thr Tyr Arg Val Val Pro Gly Glu Glu Glu 
370 375 380 



Gin Lys Phe Glu Val Glu Lys Tyr He Val His Lys Glu Phe Asp Asp 
385 390 395 400 



Asp Thr Tyr Asp Asn Asp He Ala Leu Leu Gin Leu Lys Ser Asp Ser 
405 410 415 



Ser Arg Cys Ala Gin Glu Ser Ser Val Val Arg Thr Val Cys Leu Pro 
420 425 430 



Pro Ala Asp. Leu Gin Leu Pro Asp Trp Thr Glu Cys Glu Leu Ser Gly 
435 440 445 



Tyr Gly Lys His Glu Ala Leu Ser Pro Phe Tyr Ser Glu Arg Leu Lys 
450 455 460 



Glu Ala His Val Arg Leu Tyr Pro Ser Ser Arg Cys Thr Ser Gin His 
465 470 475 480 



Leu Leu Asn Arg Thr Val Thr Asp Asn Met Leu Cys Ala Gly Asp Thr 
485 490 495 



Arg Ser Gly Gly Pro Gin Ala Asn Leu His Asp Ala Cys Gin Gly Asp 
500 505 510 



Ser Gly Gly Pro Leu Val Cys Leu Asn Asp Gly Arg Met Thr Leu Val 
515 520 525 
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Gly He He Ser Trp Gly Leu Gly Cys Gly Gin Lys Asp Val Pro Gly 
530 535 540 



Val Tyr Thr Lys Val Thr Asn Tyr Leu Asp Trp He Arg Asp Asn Met 
545 550 555 560 



Arg Pro 



<210> 27 

<211> 825 

<212> DNA 

<213> Homo sapiens 



<400> 27 



atcactctct 


ttaatcacta 


ctcacattaa 


cctcaactcc 


tgccacaatg 


tacaggatgc 


60 


aactcctgtc 


ttgcattgca 


ctaattcttg 


cacttgtcac 


aaacagtgca 


cctacttcaa 


120 


gttcgacaaa 


gaaaacaaag 


aaaacacagc 


tacaactgga 


gcatttactg ctggatttac 


180 


agatgatttt 


gaatggaatt 


aataattaca 


agaatcccaa 


actcaccagg 


atgctcacat 


240 


ttaagtttta 


catgcccaag 


aaggccacag 


aactgaaaca 


gcttcagtgt 


ctagaagaag 


300 


aactcaaacc 


tctggaggaa 


gtgctgaatt 


tagctcaaag 


caaaaacttt 


cacttaagac 


360 


ccagggactt 


aatcagcaat 


atcaacgtaa 


tagttctgga 


actaaaggga 


tctgaaacaa 


420 


cattcatgtg 


tgaatatgca 


gatgagacag 


caaccattgt 


agaatttctg aacagatgga 


480 


ttaccttttg 


tcaaagcatc 


atctcaacac 


taacttgata 


attaagtgct 


tcccacttaa 


540 


aafcatatcag 


gccttctatt 


tatttattta 


aatatttaaa 


ttttatattt 


attgttgaat 


600 


gtatggttgc 


tacctattgt 


aactattatt 


cttaatctta 


aaactataaa 


tatggatctt 


660 


ttatgattct 


ttttgtaagc 


cctaggggct 


ctaaaatggt 


ttaccttatt 


tatcccaaaa 


720 


atatttatta 


ttatgttgaa 


tgttaaatat 


agtatctatg 


tagattggtt 


agtaaaacta 


780 


tttaataaat 


ttgataaata 


taaaaaaaaa 


aaacaaaaaa 


aaaaa 




825 



<210> 28 

<211> 156 

<212> PRT 

<213> Homo sapiens 

<400> 28 

Met Tyr Arg Met Gin Leu Leu Ser Cys He Ala Leu He Leu Ala Leu 
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10 15 



Val Thr Asn Ser Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Lys Lys 
20 25 30 



Thr Gin Leu Gin Leu Glu His Leu Leu Leu Asp Leu Gin Met He Leu 
35 40 45 



Asn Gly He Asn Asn Tyr Lys Asn Pro Lys Leu Thr Arg Met Leu Thr 
50 55 60 



Phe Lys Phe Tyr Met Pro Lys Lys Ala Thr Glu Leu Lys Gin Leu Gin 
65 70 75 80 



Cys Leu Glu Glu Glu Leu Lys Pro Leu Glu Glu Val Leu Asn Leu Ala 
85 90 95 



Gin Ser Lys Asn Phe His Leu Arg Pro Arg Asp Leu He Ser Asn He 
100 105 HO 



Asn Val He Val Leu Glu Leu Lys Gly Ser Glu Thr Thr Phe Met Cys 
115 120 125 



Glu Tyr Ala Asp Glu Thr Ala Thr He Val Glu Phe Leu Asn Arg Trp 
130 135 140 



-lie Thr Phe Cys Gin Ser He He Ser Thr Leu Thr 
145 150 155 



<210> 29 

<211> 7931 

<212> DNA 

<213> Homo sapiens 

<400> 29 

atgcaaatag agctctccac ctgcttcttt ctgtgccttt tgcgattctg ctttagtgcc 60 

accagaagat actacctggg tgcagtggaa ctgtcatggg actatatgca aagtgatctc 120 

ggtgagctgc ctgtggacgc aagatttcct cctagagtgc caaaatcttt tccattcaac 180 

acctcagtcg tgtacaaaaa gactctgttt gtagaattca cggatcacct tttcaacatc 240 

gctaagccaa ggccaccctg gatgggtctg ctaggtccta ccatccaggc tgaggtttat 300 

gatacagtgg tcattacact taagaacatg gcttcccatc ctgtcagtct tcatgctgtt 360 
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ggtgtatcct 


actggaaagc 


ttctgaggga 


gctgaatatg 


atgatcagac 


cagtcaaagg 


420 


gagaaagaag 


atgataaagt 


cttccctggt 


ggaagccata 


catatgtctg 


gcaggtcctg 


480 


aaagagaatg 


gtccaatggc 


ctctgaccca 


ctgtgcctta 


cctactcata 


tctttctcat 


540 


gtggacctgg 


taaaagactt 


gaattcaggc 


ctcattggag 


ccctactagt 


atgtagagaa 


600 


gggagtctgg 


ccaaggaaaa 


gacacagacc 


ttgcacaaat 


ttatactact 


ttttgctgta 


660 


tttgatgaag 


ggaaaagttg 


gcactcagaa 


acaaagaact 


ccttgatgca 


ggatagggat 


720 


gctgcatctg 


ctcgggcctg 


gcctaaaatg 


cacacagtca 


atggttatgt 


aaacaggtct 


780 


ctgccaggtc 


tgattggatg 


ccacaggaaa 


tcagtctatt 


ggcatgtgat 


tggaatgggc 


840 


accactcctg 


aagtgcactc 


aatattcctc 


gaaggtcaca 


catttcttgt 


gaggaaccat 


900 


cgccaggcgt 


ccttggaaat 


ctcgccaata 


actttcctta 


ctgctcaaac 


actcttgatg 


960 


gaccttggac 


agtttctact 


gttttgtcat 


atctcttccc 


accaacatga 


tggcatggaa 


1020 


gcttatgtca 


aagtagacag 


ctgtccagag 


gaaccccaac 


tacgaatgaa 


aaataatgaa 


1080 


gaagcggaag 


actatgatga 


tgatcttact 


gattctgaaa 


tggatgtggt 


caggtttgat 


1140 


gatgacaact 


ctccttcctt 


tatccaaatt 


cgctcagttg 


ccaagaagca 


tcctaaaact 


1200 


tgggtacatt 


acattgctgC 


tgaagaggag 


gactgggact 


atgctccctt 


agtcctcgcc 


1260 


cccgatgaca 


gaagttataa 


aagtcaatat 


ttgaacaatg 


gccctcagcg 


gattggtagg 


1320 


aagtacaaaa 


aagtccgatt 


tatggcatac 


acagatgaaa 


cctttaagac 


tcgtgaagct 


1380 


attcagcatg 


aatcaggaat 


cttgggacct 


ttactttatg 


gggaagttgg 


agacacactg 


1440 


ttgattatat 


ttaagaatca 


agcaagcaga 


ccatataaca 


tctaccctca 


cggaatcact 


1500 


gatgtccgtc 


ctttgtattc 


aaggagatta 


ccaaaaggtg 


taaaacattt 


gaaggatttt 


1560 


ccaattctgc 


caggagaaat 


attcaaatat 


aaatggacag 


tgactgtaga 


agatgggcca 


1620 


actaaatcag 


atcctcggtg 


cctgacccgc 


tattactcta 


gtttcgttaa 


tatggagaga 


1680 


gatctagctt 


caggactcat 


tggccctctc 


ctcatctgct 


acaaagaatc 


tgtagatcaa 


1740 


agaggaaacc 


agataatgtc 


agacaagagg 


aatgtcatcc 


tgttttctgt 


atttgatgag 


1800 


aaccgaagct 


ggtacctcac 


agagaatata 


caacgctttc 


tccccaatcc 


agctggagtg 


1860 


cagcttgagg 


atccagagtt 


ccaagcctcc 


aacatcatgc 


acagcatcaa 


tggctatgtt 


1920 


tttgatagtt 


tgcagttgtc 


agtttgtttg 


catgaggtgg 


catactggta 


cattctaagc 


1980 


attggagcac 


agactgactt 


cctttctgtc 


ttcttctctg 


gatatacctt 


caaacacaaa 


2040 


atggtctatg 


aagacacact 


caccctattc 


ccattctcag 


gagaaactgt 


cttcatgtcg 


2100 



32/86 



WO 03/031464 




PCT/US02/32263 



atggaaaacc caggtctatg gattctgggg tgccacaact cagactttcg gaacagaggc 2160 

atgaccgcct tactgaaggt ttctagttgt gacaagaaca ctggtgatta ttacgaggac 2220 

agttatgaag atatttcagc atacttgctg agtaaaaaca atgccattga accaagaagc 22 80 

ttctcccaga attcaagaca ccgtagcact aggcaaaagc aatttaatgc caccacaatt 2340 

ccagaaaatg acatagagaa gactgaccct tggtttgcac acagaacacc tatgcctaaa 2400 

atacaaaatg tctcctctag tgatttgttg atgctcttgc gacagagtcc tactccacat 2460 

gggctatcct tatctgatct ccaagaagcc aaatatgaga ctttttctga tgatccatca 2520 

cctggagcaa tagacagtaa taacagcctg tctgaaatga cacacttcag gccacagctc 2580 

catcacagtg gggacatggt atttacccct gagtcaggcc tccaattaag attaaatgag 2640 

aaactgggga caactgcagc aacagagttg aagaaacttg atttcaaagt ttctagtaca 2700 
tcaaataatc tgatttcaac aattccatca gacaatttgg cagcaggtac tgataataca 
agttccttag gacccccaag tatgccagtt cattatgata gtcaattaga taccactcta 
tttggcaaaa agtcatctcc ccttactgag tctggtggac ctctgagctt gagtgaagaa 

aataatgatt caaagttgtt agaatcaggt ttaatgaata gccaagaaag ttcatgggga 2 940 
aaaaatgtat cgtcaacaga gagtggtagg ttatttaaag ggaaaagagc tcatggacct 
gctttgttga ctaaagataa tgccttattc aaagttagca tctctttgtt aaagacaaac 

aaaacttcca ataattcagc aactaataga aagactcaca ttgatggccc atcattatta 312 0 
attgagaata gtccatcagt ctggcaaaat atattagaaa gtgacactga gtttaaaaaa 
gtgacacctt tgattcatga cagaatgctt atggacaaaa atgctacagc tttgaggcta 

aatcatatgt caaataaaac tacttcatca aaaaacatgg aaatggtcca acagaaaaaa 3300 

gagggcccca ttccaccaga tgcacaaaat ccagatatgt cgttctttaa gatgctattc 3360 
ttgccagaat cagcaaggtg gatacaaagg actcatggaa agaactctct gaactctggg 
caaggcccca gtccaaagca attagtatcc ttaggaccag aaaaatctgt ggaaggtcag 

aatttcttgt ctgagaaaaa caaagtggta gtaggaaagg gtgaatttac aaaggacgta 3 54 0 

ggactcaaag agatggtttt tccaagcagc agaaacctat ttcttactaa cttggataat 3600 

ttacatgaaa ataatacaca caatcaagaa aaaaaaattc aggaagaaat agaaaagaag 3660 

gaaacattaa tccaagagaa tgtagttttg cctcagatac atacagtgac tggcactaag 3720 

aatttcatga agaacctttt cttactgagc actaggcaaa atgtagaagg ttcatatgac 3780 



2760 
2820 
2880 



3000 
3060 



3180 
3240 



3420 
3480 
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ggggcatatg 


ctccagtact 


tcaagatttt 


aggtcattaa 


atgattcaac 


aaatagaaca 


3840 


aagaaacaca 


cagctcattt 


ctcaaaaaaa 


ggggaggaag 


aaaacttgga 


aggcttggga 


3900 


aatcaaacca 


agcaaattgt 


agagaaatat 


gcatgcacca 


caaggatatc 


tcctaataca 


3960 


agccagcaga 


attttgtcac gcaacgtagt 


aagagagctt 


tgaaacaatt 


cagactccca 


4020 


ctagaagaaa 


cagaacttga aaaaaggata attgtggatg 


acacctcaac 


ccagtggtcc 


4080 


aaaaacatga 


aacatttgac 


cccgagcacc 


ctcacacaga 


tagactacaa 


tgagaaggag 


4140 


aaaggggcca 


ttactcagtc 


tcccttatca gattgcctta 


cgaggagtca 


tagcatccct 


4200 


caagcaaata gatctccatt 


acccattgca aaggtatcat 


catttccatc 


tattagacct 


4260 


atatatctga 


ccagggtcct 


attccaagac 


aactcttctc 


atcttccagc 


agcatcttat 


4320 


agaaagaaag 


attctggggt 


ccaagaaagc 


agtcatttct 


tacaaggagc 


caaaaaaaat 


4380 


aacctttctt 


tagccattct 


aaccttggag 


atgactggtg 


atcaaagaga 


ggttggctcc 


4440 


ctggggacaa 


gtgccacaaa 


ttcagtcaca 


tacaagaaag 


ttgagaacac 


tgttctcccg 


4500 


aaaccagact 


tgcccaaaac atctggcaaa gttgaattgc 


ttccaaaagt 


tcacatttat 


4560 


cagaaggacc 


tattccctac 


ggaaactagc 


aatgggtctc 


ctggccatct 


ggatctcgtg 


4620 


gaagggagcc 


ttcttcaggg 


aacagaggga gcgattaagt 


ggaatgaagc 


aaacagacct 


4680 


ggaaaagttc 


cctttctgag 


agtagcaaca gaaagctctg 


caaagactcc 


ctccaagcta 


4740 


ttggatcctc 


ttgcttggga 


taaccactat ggtactcaga 


taccaaaaga 


agagtggaaa 


4800 


tcccaagaga agtcaccaga aaaaacagct tttaagaaaa aggataccat tttgtccctg 


4860 


aacgcttgtg 


aaagcaatca 


tgcaatagca gcaataaatg 


agggacaaaa 


taagcccgaa 


4920 


atagaagtca 


cctgggcaaa 


gcaaggtagg 


actgaaaggc 


tgtgctctca 


aaacccacca 


4980 


gtcttgaaac 


gccatcaacg 


ggaaataact 


cgtactactc 


ttcagtcaga 


tcaagaggaa 


5040 


attgactat'g 


atgataccat 


atcagttgaa 


atgaagaagg 


aagattttga 


catttatgat 


5100 


gaggatgaaa 


atcagagccc 


ccgcagcttt 


caaaagaaaa 


cacgacacta 


ttttattgct 


5160 


gcagtggaga 


ggctctggga 


ttatgggatg 


agtagctccc 


cacatgttct 


aagaaacagg 


5220 


gctcagagtg 


gcagtgtccc 


tcagttcaag 


aaagttgttt 


tccaggaatt 


tactgatggc 


5280 


tcctttactc 


agcccttata 


ccgtggagaa 


ctaaatgaac 


atttgggact 


cctggggcca 


5340 


tatataagag 


cagaagttga 


agataatatc 


atggtaactt 


tcagaaatca 


ggcctctcgt 


5400 


ccctattcct 


tctattctag 


ccttatttct 


tatgaggaag 


atcagaggca 


aggagcagaa 


5460 


cctagaaaaa 


actttgtcaa 


gcctaatgaa 


accaaaactt 


acttttggaa 


agtgcaacat 


5520 
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catatggcac 


ccactaaaga 


tgagtttgac 


tgcaaagcct 


gggcttattt 


ctctgatgtt 


5580 


gacctggaaa 


aagatgtgca 


ctcaggcctg 


attggacccc 


ttctggtctg 


ccacactaac 


5640 


acactgaacc 


ctgctcatgg 


gagacaagtg 


acagtacagg 


aatttgctct 


gtttttcacc 


5700 


atctttgatg 


agaccaaaag 


ctggtacttc 


actgaaaata 


tggaaagaaa 


ctgcagggct 


5760 


ccctgcaata 


tccagatgga 


agatcccact 


tttaaagaga 


attatcgctt 


ccatgcaatc 


5820 


aatggctaca 


taatggatac 


actacctggc 


ttagtaatgg 


ctcaggatca 


aaggattcga 


5880 


tggtatctgc 


tcagcatggg 


cagcaatgaa 


aacatccatt 


ctattcattt 


cagtggacat 


5940 


gtgttcactg 


tacgaaaaaa 


agaggagtat 


aaaatggcac 


tgtacaatct 


ctatccaggt 


6000 


gtttttgaga 


cagtggaaat 


gttaccatcc 


aaagctggaa 


tttggcgggt 


ggaatgcctt 


6060 


attggcgagc 


atctacatgc 


tgggatgagc 


acactttttc 


tggtgtacag 


caataagtgt 


6120 


cagactcccc 


tgggaatggc 


ttctggacac 


attagagatt 


ttcagattac 


agcttcagga 


6180 


caatatggac 


agtgggcccc 


aaagctggcc 


agacttcatt 


attccggatc 


aatcaatgcc 


6240 


tggagcacca 


aggagccctt 


ttcttggatc 


aaggtggatc 


tgttggcacc 


aatgattatt 


6300 


cacggcatca 


agacccaggg 


tgcccgtcag 


aagttctcca 


gcctctacat 


ctctcagttt 


6360 


atcatcatgt 


atagtcttga 


tgggaagaag 


tggcagactt 


atcgaggaaa 


ttccactgga 


6420 


accttaatgg 


tcttctttgg 


caatgtggat 


tcatctggga 


taaaacacaa 


tatttttaac 


6480 


cctccaatta 


ttgctcgata 


catccgtttg 


cacccaactc 


attatagcat 


tcgcagcact 


6540 


cttcgcatgg 


agttgatggg 


ctgtgattta 


aatagttgca 


gcatgccatt 


gggaatggag 


6600 


agtaaagcaa 


tatcagatgc 


acagattact 


gcttcatcct 


actttaccaa 


tatgtttgcc 


6660 


acctggtctc 


cttcaaaagc 


tcgacttcac 


ctccaaggga 


ggagtaatgc 


ctggagacct 


6720 


caggtgaata 


atccaaaaga 


gtggctgcaa 


gtggacttcc 


agaagacaat 


gaaagtcaca 


6780 


ggagtaacta 


ctcagggagt 


aaaatctctg 


cttaccagca 


tgtatgtgaa 


ggagttcctc 


6840 


atctccagca 


gtcaagatgg 


ccatcagtgg 


actctctttt 


ttcagaatgg 


caaagtaaag 


6900 


gtttttcagg 


gaaatcaaga 


ctccttcaca 


cctgtggtga 


actctctaga 


cccaccgtta 


6960 


ctgactcgct 


acc u ucgaac 


LCdCCCCCdy 


a rrt~ t* nnrrtrrr 

ag uuyyy uy 


arraaa t* t"ac 
atu c*.y ci i~ l» y »-» 


cctaaaaata 

w ^» y "y y w u 


7020 


gaggttctgg 


gctgcgaggc 


acaggacctc 


tactgagggt 


ggccactgca 


gcacctgcca 


7080 


ctgccgtcac 


ctctccctcc 


tcagctccag 


ggcagtgtcc 


ctccctggct 


tgccttctac 


7140 


ctttgtgcta 


aatcctagca 


gacactgcct 


tgaagcctcc 


tgaattaact 


atcatcagtc 


7200 



35/86 



WO 03/031464 




PCT/US02/32263 



ctgcatttct 


ttggtggggg 


gccaggaggg 


tgcatccaat 


ttaacttaac 


tcttacctat 


7260 


tttctgcagc 


tgctcccaga 


ttactccttc 


cttccaatat 


aactaggcaa 


aaagaagtga 


7320 


ggagaaacct 


gcatgaaagc 


attcttccct 


gaaaagttag 


gcctctcaga 


gtcaccactt 


7380 


cctctgttgt 


agaaaaacta 


tgtgatgaaa 


ctttgaaaaa 


gatatttatg 


atgttaacat 


7440 


ttcaggttaa 


gcctcatacg 


tttaaaataa 


aactctcagt 


tgtttattat 


cctgatcaag 


7500 


catggaacaa 


agcatgtttc 


aggatcagat 


caatacaatc 


ttggagtcaa 


aaggcaaatc 


7560 


atttggacaa 


tctgcaaaat 


ggagagaata 


caataactac 


tacagtaaag 


tctgtttctg 


7620 


cttccttaca 


catagatata 


attatgttat 


ttagtcatta 


tgaggggcac 


attcttatct 


7680 


ccaaaactag 


cattcttaaa 


ctgagaatta 


tagatggggt 


tcaagaatcc 


ctaagtcccc 


7740 


tgaaattata 


taaggcattc 


tgtataaatg 


caaatgtgca 


tttttctgac 


gagtgtccat 


7800 


agatataaag 


ccatttggtc 


ttaattctga 


ccaataaaaa 


aataagtcag 


gaggatgcaa 


7860 


ttgttgaaag 


ctttgaaata 


aaataacaat 


gtcttcttga 


aatttgtgat 


ggccaagaaa 


7920 


gaaaatgatg 


a 










7931 



<210> 30 

<211> 2351 

<212> PRT 

<213> Homo sapiens 

<400> 30 

Met Gin He Glu Leu Ser Thr Cys Phe Phe Leu Cys Leu Leu Arg Phe 
15 10 15 

Cys Phe Ser Ala Thr Arg Arg Tyr Tyr Leu Gly Ala Val Glu Leu Ser 
20 25 30 

Trp Asp Tyr Met Gin Ser Asp Leu Gly Glu Leu Pro Val Asp Ala Arg 
35 40 45 

Phe Pro Pro Arg Val Pro Lys Ser Phe Pro Phe Asn Thr Ser Val Val 
50 55 60 

Tyr Lys Lys Thr Leu Phe Val Glu Phe Thr Asp His Leu Phe Asn He 
65 ' * 70 75 80 

Ala Lys Pro Arg Pro Pro Trp. Met Gly Leu Leu Gly Pro Thr He Gin 
85 90 95 
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Ala Glu Val Tyr Asp Thr Val Val lie Thr Leu Lys Asn Met Ala Ser 
100 105 HO 



His Pro Val Ser Leu His Ala Val Gly Val Ser Tyr Trp Lys Ala Ser 
115 120 125 



Glu Gly Ala Glu Tyr Asp Asp Gin Thr Ser Gin Arg Glu Lys Glu Asp 
130 135 140 



Asp Lys Val Phe Pro Gly Gly Ser His Thr Tyr Val Trp Gin Val Leu 
145 150 155 160 



Lys Glu Asn Gly Pro Met Ala Ser Asp Pro Leu Cys Leu Thr Tyr Ser 
165 170 175 



Tyr Leu Ser His Val Asp Leu Val Lys Asp Leu Asn Ser Gly Leu He 
180 185 190 



Gly Ala Leu Leu Val Cys Arg Glu Gly Ser Leu Ala Lys Glu Lys Thr 
195 200 205 



Gin Thr Leu His Lys Phe He Leu Leu Phe Ala Val Phe Asp Glu Gly 
210 215 220 



Lys Ser Trp His Ser Glu Thr Lys Asn Ser Leu Met Gin Asp Arg Asp 
225 230 235 240 

Ala Ala Ser Ala Arg Ala Trp Pro Lys Met His Thr Val Asn Gly Tyr 
245 250 255 



Val Asn Arg Ser Leu Pro Gly Leu He Gly Cys His Arg Lys Ser Val 
260 265 270 



Tyr Trp His Val He Gly Met Gly Thr Thr Pro Glu Val His Ser He 
275 280 285 



Phe Leu Glu Gly His Thr Phe Leu Val Arg Asn His Arg Gin Ala Ser 
290 295 300 



Leu Glu He Ser Pro He Thr Phe Leu Thr Ala Gin Thr Leu Leu Met 
305 310 315 320 
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Asp Leu Gly Gin Phe Leu Leu Phe Cys His lie Ser Ser His Gin His 
325 330 335 



Asp Gly Met Glu Ala Tyr Val Lys Val Asp Ser Cys Pro Glu Glu Pro 
340 345 350 



Gin Leu Arg Met Lys Asn Asn Glu Glu Ala Glu Asp Tyr Asp Asp Asp 
355 360 365 



Leu Thr Asp Ser Glu Met Asp Val Val Arg Phe Asp Asp Asp Agn Ser 
370 375 380 



Pro Ser Phe lie Gin lie Arg Ser Val Ala Lys Lys His Pro Lys Thr 
385 390 395 400 



Trp Val His Tyr lie Ala Ala Glu Glu Glu Asp Trp Asp Tyr Ala Pro 
405 410 415 



Leu Val Leu Ala Pro Asp Asp Arg Ser Tyr Lys Ser Gin Tyr Leu Asn 
420 425 430 



Asn Gly Pro Gin Arg He Gly Arg Lys Tyr Lys Lys Val Arg Phe Met 
435 440 445 



Ala Tyr Thr Asp Glu Thr Phe Lys Thr Arg Glu Ala He Gin His Glu 
450 455 460 



Ser Gly He Leu Gly Pro Leu Leu Tyr Gly Glu Val Gly Asp Thr Leu 
465 470 475 480 



Leu He He Phe Lys Asn Gin Ala Ser Arg Pro Tyr Asn He Tyr Pro 
485 490 495 



His Gly He Thr Asp Val Arg Pro Leu Tyr Ser Arg Arg Leu Pro Lys 
500 505 510 



Gly Val Lys His Leu Lys Asp Phe Pro He Leu Pro Gly Glu He Phe 
515 520 525 



Lys Tyr Lys Trp Thr Val Thr Val Glu Asp Gly Pro Thr Lys Ser Asp 
530 535 540 



Pro Arg Cys Leu Thr Arg Tyr Tyr Ser Ser Phe Val Asn Met Glu Arg 
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545 550 555 560 

Asp Leu Ala Ser Gly Leu He Gly Pro Leu Leu He Cys Tyr Lys Glu 
565 570 575 



Ser Val Asp Gin Arg Gly Asn Gin He Met Ser Asp Lys Arg Asn Val 
580 585 590 



He -Leu Phe Ser Val Phe Asp Glu Asn Arg Ser Trp Tyr Leu Thr Glu 
595 600 605 



Asn He Gin Arg Phe Leu Pro Asn Pro Ala Gly Val Gin Leu Glu Asp 
610 615 620 



Pro Glu Phe Gin Ala Ser Asn He Met His Ser He Asn Gly Tyr Val 
625 630 635 640 



Phe Asp Ser Leu Gin Leu Ser Val Cys Leu His Glu Val Ala Tyr Trp 
645 650 655 



Tyr He Leu Ser He Gly Ala Gin Thr Asp Phe Leu Ser Val Phe Phe 
660 665 670 



Ser Gly Tyr Thr Phe Lys His Lys Met Val Tyr Glu Asp Thr Leu Thr 
675 680 685 



Leu Phe Pro Phe Ser Gly Glu Thr Val Phe Met Ser Met Glu Asn Pro 
690 695 700 



Gly Leu Trp He Leu Gly Cys His Asn Ser Asp Phe Arg Asn Arg Gly 
705 " 710 715 720 



Met Thr Ala Leu Leu Lys Val Ser Ser Cys Asp Lys Asn Thr Gly Asp 
725 730 735 



Tyr Tyr Glu Asp Ser Tyr Glu Asp He Ser Ala Tyr Leu Leu Ser Lys 
740 745 750 



Asn Asn Ala He Glu Pro Arg Ser Phe Ser Gin Asn Ser Arg His Arg 
755 760 765 



Ser Thr Arg Gin Lys Gin Phe Asn Ala Thr Thr He Pro Glu Asn Asp 
770 775 780 
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He Glu Lys Thr Asp Pro Trp Phe Ala His Arg Thr Pro Met Pro Lys 
785 790 795 800 



He Gin Asn Val Ser Ser Ser Asp Leu Leu Met Leu Leu Arg Gin Ser 
805 810 815 



Pro Thr Pro His Gly Leu Ser Leu Ser Asp Leu Gin Glu Ala Lys Tyr 
820 825 830 



Glu Thr Phe Ser Asp Asp Pro Ser Pro Gly Ala He Asp Ser Asn Asn 
835 840 845 



Ser Leu Ser Glu Met Thr His Phe Arg Pro Gin Leu His His Ser Gly 
850 855 860 



Asp Met Val Phe Thr Pro Glu Ser Gly Leu Gin Leu Arg Leu Asn Glu 
865 870 875 880 



Lys Leu Gly Thr Thr Ala Ala Thr Glu Leu Lys Lys Leu Asp Phe Lys 
885 890 895 



Val Ser Ser Thr Ser Asn Asn Leu He Ser Thr He Pro Ser Asp Asn 
900 905 910 



Leu Ala Ala Gly Thr Asp Asn Thr Ser Ser Leu Gly Pro Pro Ser Met 
915 920 925 



Pro Val His Tyr Asp Ser Gin Leu Asp Thr Thr Leu Phe Gly Lys Lys 
930 935 940 



Ser Ser Pro Leu Thr Glu Ser Gly Gly Pro Leu Ser Leu Ser Glu Glu 
945 950 955 960 



Asn Asn Asp Ser Lys Leu Leu Glu Ser Gly Leu Met Asn Ser Gin Glu 
965 970 975 



Ser Ser Trp Gly Lys Asn Val Ser Ser Thr Glu Ser Gly Arg Leu Phe 
980 985 990 



Lys Gly Lys Arg Ala His Gly Pro Ala Leu Leu Thr Lys Asp Asn Ala 
995 1000 1005 



40/86 



WO 03/031464 W PCT/US02/32263 



Leu Phe Lys Val Ser lie Ser Leu Leu Lys Thr Asn Lys Thr Ser 
1010 1015 1020 



Asn Asn Ser Ala Thr Asn Arg Lys Thr His lie Asp Gly Pro Ser 
1025 1030 1035 



Leu Leu lie Glu Asn Ser Pro Ser Val Trp Gin Asn lie Leu Glu 
1040 1045 1050 



Ser Asp Thr Glu Phe Lys Lys Val Thr Pro Leu He His Asp Arg 
1055 1060 1065 



Met Leu Met Asp Lys Asn Ala Thr Ala Leu Arg Leu Asn His Met 
1070 1075 1080 



Ser Asn Lys Thr Thr Ser Ser Lys Asn Met Glu Met Val Gin Gin 
1085 1090 1095 



Lys Lys Glu Gly Pro He Pro Pro Asp Ala Gin Asn Pro Asp Met 
. 1100 H05 1110 



Ser Phe Phe Lys Met Leu Phe Leu Pro Glu Ser Ala Arg Trp He 
1115 1120 1125 



Gin Arg- Thr His Gly Lys Asn Ser Leu Asn Ser Gly Gin Gly Pro 
1130 H35 H40 



Ser Pro Lys Gin Leu Val Ser Leu Gly Pro Glu Lys Ser Val Glu 
1145 1150 1155 



Gly Gin Asn Phe Leu Ser Glu Lys Asn Lys Val Val Val Gly Lys 
1160 H65 . 1170 



Gly Glu Phe Thr Lys Asp Val Gly Leu Lys Glu Met Val Phe Pro 
1175 1180 1185 



Ser Ser Arg Asn Leu Phe Leu Thr Asn Leu Asp Asn Leu His Glu 
1190 1195 1200 



Asn Asn Thr His Asn Gin Glu Lys Lys He Gin Glu Glu He Glu 
1205 1210 1215 
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Lys Lys Glu Thr Leu He Gin Glu Asn Val Val Leu Pro Gin He 
1220 1225 1230 



His Thr Val Thr Gly Thr Lys Asn Phe Met Lys Asn Leu Phe Leu 
1235 1240 ' 1245 



Leu Ser Thr Arg Gin Asn Val Glu Gly Ser Tyr Asp Gly Ala Tyr 
1250 " 1255 1260 



Ala Pro Val Leu Gin Asp Phe Arg Ser Leu Asn Asp Ser Thr Asn 
1265 1270 1275 



Arg Thr Lys Lys His Thr Ala His Phe Ser Lys Lys Gly Glu Glu 
1280 1285 1290 



Glu Asn Leu Glu Gly Leu Gly Asn Gin Thr Lys Gin He Val Glu 
1295 1300 1305 



Lys Tyr Ala Cys Thr Thr Arg He Ser Pro Asn Thr Ser Gin Gin 
1310 1315 1320 



Asn Phe Val Thr Gin Arg Ser Lys Arg Ala Leu Lys Gin Phe Arg 
1325 1330 1335 



Leu Pro Leu Glu Glu Thr Glu Leu Glu Lys Arg He He Val Asp 
1340 1345 1350 



Asp Thr Ser Thr Gin Trp Ser Lys Asn Met Lys His Leu Thr Pro 
1355 1360 1365 



Ser Thr Leu Thr Gin lie Asp Tyr Asn Glu Lys Glu Lys Gly Ala 
1370 1375 1380 



He Thr Gin Ser Pro Leu Ser Asp Cys Leu Thr Arg Ser His Ser 
1385 1390 1395 



He Pro Gin Ala Asn Arg Ser Pro Leu Pro He Ala Lys Val Ser 
1400 1405 1410 



Ser Phe Pro Ser lie Arg Pro He Tyr Leu Thr Arg Val Leu Phe 
1415 1420 1425 



Gin Asp Asn Ser Ser His Leu Pro Ala Ala Ser Tyr Arg Lys Lys 
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1430 1435 1440 

Asp Ser Gly Val Gin Glu Ser Ser His Phe Leu Gin Gly Ala Lys 

1445 1450 1455 

Lys Asn Asn Leu Ser Leu Ala lie Leu Thr Leu Glu Met Thr Gly 

1460 1465 . 1470 

Asp Gin Arg Glu Val Gly Ser Leu Gly Thr Ser Ala Thr Asn Ser 

1475 1480 1485 

Val Thr Tyr Lys Lys Val Glu Asn Thr Val Leu Pro Lys Pro Asp 

1490 1495 1500 

Leu Pro Lys Thr Ser Gly Lys Val Glu Leu Leu Pro Lys Val His 

1505 1510 1515 

He Tyr Gin Lys Asp Leu Phe Pro Thr Glu Thr Ser Asn Gly Ser 

1520 1525 1530 

Pro Gly His Leu Asp Leu Val Glu Gly Ser Leu Leu Gin Gly Thr 

1535 1540 1545 

Glu Gly Ala He Lys Trp Asn Glu Ala Asn Arg Pro Gly Lys Val 

1550 1555 1560 

Pro Phe Leu Arg Val Ala Thr Glu Ser Ser Ala Lys Thr Pro Ser 

1565 1570 1575 

Lys Leu Leu Asp Pro Leu Ala Trp Asp Asn His Tyr Gly Thr Gin 

1580 1585 1590 

He Pro Lys Glu Glu Trp Lys Ser Gin Glu Lys Ser Pro Glu Lys 

1595 1600 1605 

Thr Ala Phe Lys Lys Lys Asp Thr He Leu Ser Leu Asn Ala Cys 

1610 1 1615 1620 

Glu Ser Asn His Ala He Ala Ala He Asn Glu Gly Gin Asn Lys 

1625 1630 1635 

Pro Glu He Glu Val Thr Trp Ala Lys Gin Gly Arg Thr Glu Arg 

1640 1645 1650 
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Leu Cys Ser Gin Asn Pro Pro Val Leu Lys Arg His Gin Arg Glu 
1655 1660 1665 



He Thr Arg Thr Thr Leu Gin Ser Asp Gin Glu Glu He Asp Tyr 
1670 1675 1680 



Asp Asp Thr He Ser Val Glu Met Lys Lys Glu Asp Phe Asp He 
1685 1690 1695 



Tyr Asp Glu Asp Glu Asn Gin Ser Pro Arg Ser Phe Gin Lys Lys 
1700 1705 1710 



Thr Arg His Tyr Phe He Ala Ala Val Glu Arg Leu Trp Asp Tyr 
1715 1720 1725 



Gly Met Ser Ser Ser Pro His Val Leu Arg Asn Arg Ala Gin Ser 
1730 1735 1740 



Gly Ser Val Pro Gin Phe Lys Lys Val Val Phe Gin Glu Phe Thr 
1745 1750 1755 



Asp Gly Ser Phe Thr Gin Pro Leu Tyr Arg Gly Glu Leu Asn Glu 
1760 1765 1770 



His Leu Gly Leu Leu Gly Pro Tyr He Arg Ala Glu Val Glu Asp 
1775 1780 1785 



Asn He Met Val Thr Phe Arg Asn Gin Ala Ser Arg Pro Tyr Ser 
1790 1795 1800 



Phe Tyr Ser Ser Leu He Ser Tyr Glu Glu Asp Gin Arg Gin Gly 
1805 1810 1815 



Ala Glu Pro Arg Lys Asn Phe Val Lys Pro Asn Glu Thr Lys Thr 
1820 1825 1830 



Tyr Phe Trp Lys Val Gin His His Met Ala Pro Thr Lys Asp Glu 
1835 1840 1845 



Phe Asp Cys Lys Ala Trp Ala Tyr Phe Ser Asp Val Asp Leu Glu 
1850 1855 I860 
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Lys Asp Val His Ser Gly Leu lie Gly Pro Leu Leu Val Cys His 
1865 1870 1875 



Thr Asn Thr Leu Asn Pro Ala His Gly Arg Gin Val Thr Val Gin 
1880 1885 1890 



Glu Phe Ala Leu Phe Phe Thr lie Phe Asp Glu Thr Lys Ser Trp 
1895 1900 1905 



Tyr Phe Thr Glu Asn Met Glu Arg Asn Cys Arg Ala Pro Cys Asn 
1910 1915 1920 



lie Gin Met Glu Asp Pro Thr Phe Lys Glu Asn Tyr Arg Phe His 
1925 1930 1935 



Ala lie Asn Gly Tyr lie Met Asp Thr Leu Pro Gly Leu Val Met 
1940 1945 1950 



Ala Gin Asp Gin Arg lie Arg Trp Tyr Leu Leu Ser Met Gly Ser 
1955 1960 1965 



Asn Glu Asn lie His Ser lie His Phe Ser Gly His Val Phe Thr 
1970 1975 1980 



Val Arg Lys Lys Glu Glu Tyr Lys Met Ala Leu Tyr Asn Leu Tyr 
1985 1990 1995 



Pro Gly Val Phe Glu Thr Val Glu Met Leu Pro Ser Lys Ala Gly 
2000 2005 2010 



lie Trp Arg Val Glu Cys Leu lie Gly Glu His Leu His Ala Gly 
2015 2020 2025 



Met Ser Thr Leu Phe Leu Val Tyr Ser Asn Lys Cys Gin Thr Pro 
2030 2035 2040 



Leu Gly Met Ala Ser Gly His lie Arg Asp Phe Gin He Thr Ala 
2045 2050 2055 



Ser Gly Gin Tyr Gly Gin Trp Ala Pro Lys Leu Ala Arg Leu . His 
2060 2065 2070 
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Tyr Ser Gly Ser He Asn Ala Trp Ser Thr Lys Glu Pro Phe Ser 
2075 ,2080 2085 



Trp He Lys Val Asp Leu Leu Ala Pro Met He He His Gly He 
2090 2095 2100 



Lys Thr Gin Gly Ala Arg Gin Lys Phe Ser Ser Leu Tyr He Ser 
2105 ' 2110 2115 



Gin Phe He He Met Tyr Ser Leu Asp Gly Lys Lys Trp Gin Thr 
2120 2125 2130 



Tyr Arg Gly Asn Ser Thr Gly Thr Leu Met Val Phe Phe Gly Asn 
2135 " 2140 2145 



Val Asp Ser Ser Gly He Lys His Asn He Phe Asn Pro Pro He 
2150 2155 2160 



He Ala Arg Tyr He Arg Leu His Pro Thr His Tyr Ser He Arg 
2165 2170 2175 



Ser Thr Leu Arg Met Glu Leu Met Gly Cys Asp Leu Asn Ser Cys 
2180 2185 2190 



Ser Met Pro Leu Gly Met Glu Ser Lys Ala He Ser Asp Ala Gin 
2195 2200 2205 



He Thr Ala Ser Ser Tyr Phe Thr Asn Met Phe Ala Thr Trp Ser 
2210 2215 2220 



Pro Ser Lys Ala Arg Leu His Leu Gin Gly Arg Ser Asn Ala Trp 
2225 2230 2235 



Arg Pro Gin Val Asn Asn Pro Lys Glu Trp Leu Gin Val Asp Phe 
2240 2245 2250 



Gin Lys Thr Met Lys Val Thr Gly Val Thr Thr Gin Gly Val Lys 
2255 2260 2265 



Ser Leu Leu Thr Ser Met Tyr Val Lys Glu Phe Leu He Ser Ser 
2270 2275 2280 



Ser Gin Asp Gly His Gin Trp Thr Leu Phe Phe Gin Asn Gly Lys 
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2285 2290 2295 

Val Lys Val Phe Gin Gly Asn Gin Asp Ser Phe Thr Pro Val Val 
2300 2305 2310 

Asn Ser Leu Asp Pro Pro Leu Leu Thr Arg Tyr Leu Arg lie His 
2315 ^ 2320 2325 

Pro Gin Ser Trp Val His Gin lie Ala Leu Arg Met Glu Val Leu 
2330 2335 2340 

Gly Cys Glu Ala Gin Asp Leu Tyr 
2345 2350 

<210> 31 

<211> 1471 

<212> DNA 

<213> Homo sapiens 



<400> 31 
atggcgcccg 


tcgccgtctg 


ggccgcgctg 


gccgtcggac 


tggagctctg 


ggctgcggcg 


60 


cacgccttgc 


ccgcccaggt 


ggcatttaca 


ccctacgccc 


cggagcccgg 


gagcacatgc 


120 


cggctcagag 


aatactatga 


ccagacagct 


cagatgtgct 


gcagcaaatg 


ctcgccgggc 


180 


caacatgcaa 


aagtcttctg 


taccaagacc 


tcggacaccg 


tgtgtgactc 


ctgtgaggac 


240 


agcacataca 


cccagctctg 


gaactgggtt 


cccgagtgct 


tgagctgtgg 


ctcccgctgt 


300 


agctctgacc 


aggtggaaac 


tcaagcctgc 


actcgggaac 


agaaccgcat 


ctgcacctgc 


360 


aggcccggct 


ggtactgcgc 


gctgagcaag 


caggaggggt 


gccggctgtg 


cgcgccgctg 


420 


cgcaagtgcc 


gcccgggctt 


cggcgtggcc 


agaccaggaa 


ctgaaacatc 


agacgtggtg 


480 


tgcaagccct 


gtgccccggg 


gacgttctcc 


aacacgactt 


catccacgga 


tatttgcagg 


540 


ccccaccaga 


tctgtaacgt 


ggtggccatc 


cctgggaatg 


caagcatgga 


tgcagtctgc 


600 


acgtccacgt 


cccccacccg 


gagtatggcc 


ccaggggcag 


tacacttacc 


ccagccagtg 


660 


tccacacgat 


cccaacacac 


gcagccaact 


ccagaaccca 


gcactgctcc 


aagcacctcc 


720 


ttcctgctcc 


caatgggccc 


cagcccccca 


gctgaaggga 


gcactggcga 


cttcgctctt 


780 


ccagttggac 


tgattgtggg 


tgtgacagcc 


ttgggtctac 


taataatagg 


agtggtgaac 


840 


tgtgtcatca 


tgacccaggt 


gaaaaagaag 


cccttgtgcc 


tgcagagaga 


agccaaggtg 


900 


cctcacttgc 


ctgccgataa 


ggcccggggt 


acacagggcc 


ccgagcagca 


gcacctgctg 


960 
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atcacagcgc 


cgagctccag 


cagcagctcc ctggagagct cggccagtgc gttggacaga 


1020 


agggcgccca 


ctcggaacca 


gccacaggca ccaggcgtgg aggccagtgg ggccggggag 


1080 


gcccgggcca 


gcaccgggag 


ctcagattct tcccctggtg gccatgggac ccaggtcaat 


1140 


gtoacctgca 


tcgtgaacgt 


ctgtagcagc tctgaccaca gctcacagtg ctcctcccaa 


1200 


gccagctcca 


caatgggaga 


cacagattcc agcccctcgg agtccccgaa ggacgagcag 


1260 


gtccccttct 


ccaaggagga 


atgtgccttt cggtcacagc tggagacgcc agagaccctg 


1320 


ctggggagca 


ccgaagagaa 


gcccctgccc cttggagtgc ctgatgctgg gatgaagccc 


1380 


agttaaccag 


gccggtgtgg 


gctgtgtcgt agccaaggtg ggctgagccc tggcaggatg 


1440 


accctgcgaa 


ggggccctgg 


tccttccagg c 


1471 



<210> 32 

<211> 461 

<212> PRT 

<213> Homo sapiens 

<400> 32 

Met Ala Pro Val Ala Val Trp Ala Ala Leu Ala Val Gly Leu Glu Leu 
1 5 10 15 



Trp Ala Ala Ala His Ala Leu Pro Ala Gin Val Ala Phe Thr Pro Tyr 
20 25 30 



Ala Pro Glu Pro Gly Ser Thr Cys Arg Leu Arg Glu Tyr Tyr Asp Gin 
35 40 45 



Thr Ala Gin Met Cys Cys Ser Lys Cys Ser Pro Gly Gin His Ala Lys 
50 55 60 



Val Phe Cys Thr Lys Thr Ser Asp Thr Val Cys Asp Ser Cys Glu Asp 
65 * 70 75 80 



Ser Thr Tyr Thr Gin Leu Trp Asn Trp Val Pro Glu Cys Leu Ser Cys 
85 90 95 



Gly Ser Arg Cys Ser Ser Asp Gin Val Glu Thr Gin Ala Cys Thr Arg 
100 105 HO 



Glu Gin Asn Arg He Cys Thr Cys Arg Pro Gly Trp Tyr Cys Ala Leu 
115 120 125 
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Ser Lys Gin Glu Gly Cys Arg Leu Cys Ala Pro Leu Arg Lys Cys Arg 
130 135 140 



Pro Gly Phe Gly Val Ala Arg Pro Gly Thr Glu Thr Ser Asp Val Val 
145 150 155 160 



Cys Lys Pro Cys Ala Pro Gly Thr Phe Ser Asn Thr Thr Ser Ser Thr 
165 170 175 



Asp lie Cys Arg Pro His Gin He Cys Asn Val Val Ala He Pro Gly 
180 185 190 



Asn Ala Ser Met Asp Ala Val Cys Thr Ser Thr Ser Pro Thr Arg Ser 
195 200 205 



Met Ala Pro Gly Ala Val His Leu Pro Gin Pro Val Ser Thr Arg Ser 
210 215 220 



Gin His Thr Gin Pro Thr Pro Glu Pro Ser Thr Ala Pro Ser Thr Ser 
225 230 235 240 



Phe Leu Leu Pro Met Gly Pro Ser Pro Pro Ala Glu Gly Ser Thr Gly 
245 250 255 



Asp Phe Ala Leu Pro Val Gly Leu He Val Gly Val Thr Ala Leu Gly 
260 265 270 



Leu Leu He He Gly Val Val Asn Cys Val He Met Thr Gin Val Lys 
275 280 285 



Lys Lys Pro Leu Cys Leu Gin Arg Glu Ala Lys Val Pro His Leu Pro 
290 295 300 



Ala Asp Lys Ala Arg Gly Thr Gin Gly Pro Glu Gin Gin His Leu Leu 
305 ' 310 315 320 



He Thr Ala Pro Ser Ser Ser Ser Ser Ser Leu Glu Ser Ser Ala . Ser 
325 330 335 



Ala Leu Asp Arg Arg Ala Pro Thr Arg Asn Gin Pro Gin Ala Pro Gly • 
340 345 350 
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Val Glu Ala Ser Gly Ala Gly Glu Ala Arg Ala Ser Thr Gly Ser Ser 
355 360 365 

Asp Ser Ser Pro Gly Gly His Gly Thr Gin Val Asn Val Thr Cys lie 
370 375 380 

Val Asn Val Cys Ser Ser Ser Asp His Ser Ser Gin Cys Ser Ser Gin 
385 390 395 400 

Ala Ser Ser Thr Met Gly Asp Thr Asp Ser Ser Pro Ser Glu Ser Pro 
405 410 415 

Lys Asp Glu Gin Val Pro Phe Ser Lys Glu Glu Cys Ala Phe Arg Ser 
420 425 430 

Gin Leu Glu Thr Pro Glu Thr Leu Leu Gly Ser Thr Glu Glu Lys Pro 



<210> 33 

<211> 1475 

<212> DNA 

<213> Homo sapiens 

<400> 33 

tccacctgtc cccgcagcgc cggctcgcgc cctcctgccg cagccaccga gccgccgtct 60 

agcgccccga cctcgccacc atgagagccc tgctggcgcg cctgcttctc tgcgtcctgg 120 

tcgtgagcga ctccaaaggc agcaatgaac ttcatcaagt tccatcgaac tgtgactgtc 180 

taaatggagg aacatgtgtg tccaacaagt acttctccaa cattcactgg tgcaactgcc 240 

caaagaaatt cggagggcag cactgtgaaa tagataagtc aaaaacctgc tatgagggga 300 

atggtcactt ttaccgagga aaggccagca ctgacaccat gggccggccc tgcctgccct 360 

ggaactctgc cactgtcctt cagcaaacgt accatgccca cagatctgat gctcttcagc 420 

tgggcctggg gaaacataat tactgcagga acccagacaa ccggaggcga ccctggtgct 480 

atgtgcaggt gggcctaaag ccgcttgtcc aagagtgcat ggtgca.tgac tgcgcagatg 540 

gaaaaaagcc ctcctctcct ccagaagaat taaaatttca gtgtggccaa aagactctga 600 

ggccccgctt taagattatt gggggagaat tcaccaccat cgagaaccag ccctggtttg 660 

cggccatcta caggaggcac cgggggggct ctgtcaccta cgtgtgtgga ggcagcctca 720 
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tcagcccttg 


ctgggtgatc 


agcgccacac 


actgcttcat 


tgattaccca aagaaggagg 


780 


actacatcgt 


ctacctgggt 


cgctcaaggc 


ttaactccaa 


cacgcaaggg gagatgaagt 


840 


ttqaqgtgga 


aaacctcatc 


ctacacaagg 


actacagcgc 


tgacacgctt 


gctcaccaca 


900 


acgacattgc 


cttgctgaag 


atccgttcca 


aggagggcag gtgtgcgcag 


ccatcccgga 


960 


ctatacagac 


catctgcctg 


ccctcgatgt 


ataacgatcc 


ccagtttggc 


acaagctgtg 


1020 


agatcactgg 


ctttggaaaa 


gagaattcta 


ccgactatct 


ctatccggag 


cagctgaaga 


1080 


tqactqttqt 


gaagctgatt 


tcccaccggg 


agtgtcagca 


gccccactac 


tacggctctg 


1140 


aagtcaccac 


caaaatgctg 


tgtgctgctg 


acccacagtg gaaaacagat 


tcctgccagg 


1200 


qaqactcagg 


gggacccctc 


gtctgttccc 


tccaaggccg 


catgactttg 


actggaattg 


1260 


tgagctgggg 


ccgtggatgt 


gccctgaagg 


acaagccagg 


cgtctacacg 


agagtctcac 


1320 


acttcttacc 


ctggatccgc 


agtcacacca 


aggaagagaa 


tggcctggcc 


ctctgagggt 


1380 


ccccagggag 


gaaacgggca 


ccacccgctt 


tcttgctggt tgtcattttt gcagtagagt 


1440 


catctccatc 


agctgtaaga 


agagactggg 


aagat 






1475 



<210> 34 

<211> 431 

<212> PRT 

<213> Homo sapiens 

<400> 34 

Met Arg Ala -Leu Leu Ala Arg Leu Leu Leu Cys Val Leu Val Val Ser 

1 " 5 10 15 



Asp Ser Lys Gly Ser Asn Glu Leu His Gin Val Pro Ser Asn Cys Asp 
20 25 30 



Cys Leu Asn Gly Gly Thr Cys Val Ser Asn Lys Tyr Phe Ser Asn He 
35 40 45 



His Trp Cys Asn Cys Pro Lys Lys Phe Gly Gly Gin His Cys Glu He 
50 55 60 



Asp Lys Ser Lys Thr Cys Tyr Glu Gly Asn Gly His Phe Tyr Arg Gly 
65 70 75 80 



' Lys Ala Ser Thr Asp Thr Met Gly Arg Pro Cys Leu Pro Trp Asn Ser 
85 90 95 
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Ala Thr Val Leu Gin Gin Thr Tyr His Ala His Arg Ser Asp Ala Leu 
100 105 110 



Gin Leu Gly Leu Gly Lys His Asn Tyr Cys Arg Asn Pro Asp Asn Arg 
115 120 • 125 



Arg Arg Pro Trp Cys Tyr Val Gin Val Gly Leu Lys Pro Leu Val Gin 
130 135 140 



Glu Cys Met Val His Asp Cys Ala Asp Gly Lys Lys Pro Ser Ser Pro 
145 150 155 160 



Pro Glu Glu Leu Lys Phe Gin Cys Gly Gin Lys Thr Leu Arg Pro Arg 
165 170 175 



Phe Lys He He Gly Gly Glu Phe Thr Thr He Glu Asn Gin Pro Trp 
180 ' 185 190 



Phe Ala Ala He Tyr Arg Arg His Arg Gly Gly Ser Val Thr Tyr Val 
195 200 205 



Cys Gly Gly Ser Leu He Ser Pro Cys Trp Val He Ser Ala > Thr His 
210 215 220 



Cys Phe He Asp Tyr Pro Lys Lys Glu Asp Tyr He Val Tyr Leu Gly 
225 230 235 240 



Arg Ser Arg Leu Asn Ser Asn Thr Gin Gly Glu Met Lys Phe Glu Val 
245 250 255 



Glu Asn Leu He Leu His Lys Asp Tyr Ser Ala Asp Thr Leu Ala His 
260 265 270 



His Asn Asp He Ala Leu Leu Lys lie Arg Ser Lys Glu Gly Arg Cys 
275 280 285 



Ala Gin Pro Ser Arg Thr He Gin Thr He Cys Leu Pro Ser Met Tyr 
290 295 300 



Asn Asp Pro Gin Phe Gly Thr Ser Cys Glu He Thr Gly Phe Gly Lys 
305 310 315 320 
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Glu Asn Ser Thr Asp Tyr Leu Tyr Pro Glu Gin Leu Lys Met Thr Val 
325 330 335 



Val Lys Leu lie Ser His Arg Glu Cys Gin Gin Pro His Tyr Tyr Gly 
340 345 350 



Ser Glu Val Thr Thr Lys Met Leu Cys Ala Ala Asp Pro Gin Trp Lys 
355 360 365 



Thr Asp Ser Cys Gin Gly Asp Ser Gly Gly Pro Leu Val Cys Ser Leu 
370 375 380 



Gin Gly Arg Met Thr Leu Thr Gly He Val Ser Trp Gly Arg Gly Cys 
385 ~ 390 395 400 



Ala Leu Lys Asp Lys Pro Gly Val Tyr Thr Arg Val Ser His Phe Leu 
405 410 415 



Pro Trp He Arg Ser His Thr Lys Glu Glu Asn Gly Leu Ala Leu 
420 425 430 



<210> 35 

<211> 107 

<212> PRT 

<213> Mus musculus 

<400> 35 

Asp He Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
15 io 15 



Asp Arg Val Thr He Thr Cys Arg Ala Ser Gin Asp Val Asn Thr Ala 
20 25 30 



Val Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu He 
35 40 45 



Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 



Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr He Ser Ser Leu Gin Pro 
65 * 70 75 80 

Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin His Tyr Thr Thr Pro Pro 
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Thr Phe Gly Gin Gly Thr Lys Val Glu lie Lys. 
100 105 



<210> 36 

<211> 120 

<212> PRT 

<213> Mus musculus 

<400> 36 , 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 
15 10 15 



Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn lie Lys Asp Thr 
20 25 30 



Tyr He His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 



Ala Arg He Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr He Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr 
65 " ~ 70 75 80 



Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 



Ser Arg Trp Gly Gly Asp Gly Phe Tyr Ala Met Asp Tyr Trp Gly Gin 
100 105 HO 



Gly Thr Leu Val Thr Val Ser Ser 
115 120 



<210> 


37 


<211> 


120 


<212> 


PRT 


<213> 


Mus 


<400> 


37 



Gin Val Thr Leu Arg Glu Ser Gly Pro Ala Leu Val Lys Pro Thr Gin 
1 -5 10 15 
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Thr Leu Thr Leu Thr Cys Thr Phe Ser Gly Phe Ser Leu Ser Thr Ser 
20 25 30 



Gly Met Ser Val Gly Trp lie Arg Gin Pro Ser Gly Lys Ala Leu Glu 
35 40 45 



Trp Leu Ala Asp He Trp Trp Asp Asp Lys Lys Asp Tyr Asn Pro Ser 
50 55 60 



Leu Lys Ser Arg Leu Thr He Ser Lys Asp Thr Ser Lys Asn Gin Val 
65 " " 70 75 80 



Val Leu Lys Val Thr Asn Met Asp Pro Ala Asp Thr Ala Thr Tyr Tyr 
85 90 95 



Cys Ala Arg Ser Met He Thr Asn Trp Tyr Phe Asp Val Trp Gly Ala 
100 105 HO 



Gly Thr Thr Val Thr Val Ser Ser 

120 





115 


<210> 


38 


<211> 


106 


<212> 


PRT 


<213> 


Mus mus cuius 


<400> 


38 


Asp He Gin Met Thr 


1 


5 



10 15 



Asp Arg Val Thr He Thr Cys Lys Cys Gin Leu Ser Val Gly Tyr Met 
20 25 30 



His Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Trp He Tyr 
35 40 45 



Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ser Arg Phe Ser Gly Ser 
50 55 60 

J 

Gly Ser Gly Thr Glu Phe Thr Leu Thr He Ser Ser Leu Gin Pro Asp 
65 70 75 80 



Asp Phe Ala Thr Tyr Tyr Cys Phe Gin Gly Ser Gly Tyr Pro Phe Thr 
85 90 95 
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Phe Gly Gly Gly Thr Lys Leu Glu He Lys 
100 105 



<210> 39 

<211> 1039 

<212> DNA 

<213> Homo sapiens 

<400> 39 



tcctgcacag 


gcagtgcctt 


gaagtgcttc 


ttcagagacc 


tttcttcata 


gactactttt 


60 


ttttctttaa 


gcagcaaaag 


gagaaaattg 


tcatcaaagg 


atattccaga 


ttcttgacag 


120 


cattctcgtc 


atctctgagg 


acatcaccat 


catctcagga 


tgaggggcat 


gaagctgctg 


180 


ggggcgctgc 


tggcactggc 


ggccctactg 


cagggggccg 


tgtccctgaa 


gatcgcagcc 


240 


ttcaacatcc 


agacatttgg 


ggagaccaag 


atgtccaatg 


ccaccctcgt 


cagctacatt 


300 


gtgcagatcc 


tgagccgcta 


tgacatcgcc 


ctggtccagg 


aggtcagaga 


cagccacctg 


360 


actgccgtgg 


ggaagctgct 


ggacaacctc 


aatcaggatg 


caccagacac 


ctatcactac 


420 


gtggtcagtg 


agccactggg 


acggaacagc 


tataaggagc 


gctacctgtt 


cgtgtacagg 


480 


cctgaccagg 


tgtctgcggt 


ggacagctac 


tactacgatg 


atggctgcga 


gccctgcggg 


540 


aacgacacct 


tcaaccgaga 


gccagccatt 


gtcaggttct 


tctcccggtt 


cacagaggtc 


600 


agggagtttg 


ccattgttcc 


cctgcatgcg 


gccccggggg 


acgcagtagc 


cgagatcgac 


660 


gctctctatg 


acgtctacct 


ggatgtccaa 


gagaaatggg 


gcttggagga 


cgtcatgttg 


720 


atgggcgact 


tcaatgcggg 


ctgcagctat 


gtgagaccct 


cccagtggtc 


atccatccgc 


780 


ctgtggacaa 


gccccacctt 


ccagtggctg 


atccccgaca 


gcgctgacac 


cacagctaca 


840 


cccacgcact 


gtgcctatga 


caggatcgtg 


gttgcaggga 


tgctgctccg 


aggcgccgtt 


900 


gttcccgact 


cggctcttcc 


ctttaacttc 


caggctgcct 


atggcctgag 


tgaccaactg 


960 


gcccaagcca 


tcagtgacca 


ctatccagtg 


gaggtgatgc 


tgaagtgagc 


agcccctccc 


1020 


cacaccagtt 


gaactgcag 










1039 



<210> 40 

<211> 282 

<212> PRT 

<213> Homo sapiens 

<400> 40 

Met Arg Gly Met Lys Leu Leu Gly Ala Leu Leu Ala Leu Ala Ala Leu 
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Leu Gin Gly Ala Val Ser Leu Lys He Ala Ala Phe Asn He Gin Thr 
20 25 30 



Phe Gly Glu Thr Lys Met Ser Asn Ala Thr Leu Val Ser Tyr He Val 
35 40 45 



Gin He Leu Ser Arg Tyr Asp He Ala Leu Val Gin Glu Val Arg Asp 
50 55 60 



Ser His Leu Thr Ala Val Gly Lys Leu Leu Asp Asn Leu Asn Gin Asp 
65 70 75 80 



Ala Pro Asp Thr Tyr His Tyr Val Val Ser Glu Pro Leu Gly Arg Asn 
85 90 ■ 95 



Ser Tyr Lys Glu Arg Tyr Leu Phe Val Tyr Arg Pro Asp. Gin Val Ser 
100 • 105 HO 



Ala Val Asp Ser Tyr Tyr Tyr Asp Asp Gly Cys Glu Pro Cys Gly Asn 
115 120 125 



Asp Thr Phe Asn Arg Glu Pro Ala He Val Arg Phe Phe Ser Arg Phe 
130 135 140 



Thr Glu Val Arg Glu Phe Ala He Val Pro Leu His Ala Ala Pro Gly 
145 ~ 150 155 . 160 



Asp Ala Val Ala Glu He Asp Ala Leu Tyr Asp Val Tyr Leu Asp Val 
165 170 175 



Gin Glu Lys Trp Gly Leu Glu Asp Val Met Leu Met Gly Asp Phe Asn 
180 185 190 



Ala Gly Cys Ser Tyr Val Arg Pro Ser Gin Trp Ser Ser He Arg Leu 
195 200 205 



Trp Thr Ser Pro Thr Phe Gin Trp Leu He Pro Asp Ser Ala Asp Thr 
210 215 220 



Thr Ala Thr Pro Thr His Cys Ala Tyr Asp Arg He Val Val Ala Gly 
225 230 235 240 
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Met Leu Leu Arg Gly Ala Val Val Pro Asp Ser Ala Leu Pro Phe Asn 
245 250 255 

Phe Gin Ala Ala Tyr Gly Leu Ser Asp Gin Leu Ala Gin Ala He Ser 
260 265 270 

Asp His Tyr Pro Val Glu Val Met Leu Lys 
275 280 



<210> 41 
<211> 678 
<212> DNA 



<213> Mus 


musculus 






<400> 41 
gacatcttgc 


tgactcagtc 


tccagccatc ctgtctgtga gtccaggaga aagagtcagt 


60 


ttctcctgca 


gggccagtca 


gttcgttggc tcaagcatcc actggtatca gcaaagaaca 


120 


aatggttctc 


caaggcttct 


cataaagtat gcttctgagt ctatgtctgg gatcccttcc 


180 


aggtttagtg 


gcagtggatc 


agggacagat tttactctta gcatcaacac tgtggagtct 


o a n 


gaagatattg 


cagattatta 


ctgtcaacaa agtcatagct ggccattcac gttcggctcg 


300 


gggacaaatt 


tggaagtaaa 


agaagtgaag cttgaggagt ctggaggagg cttggtgcaa 


360 


cctggaggat 


ccatgaaact 


ctcctgtgtt gcctctggat tcattttcag taaccactgg 


420 


atgaactggg 


tccgccagtc 


tccagagaag gggcttgagt gggttgctga aattagatca 


480 


aaatctatta 


attctgcaac 


acattatgcg gagtctgtga aagggaggtt caccatctca 


540 


agagatgatt 


ccaaaagtgc 


tgtctacctg caaatgaccg acttaagaac tgaagacact 


600 


ggcgtttatt 


actgttccag 


gaattactac ggtagtacct acgactactg gggccaaggc 


660 


accactctca 


cagtctcc 




678 


<210> 42 
<211> 226 
<212> PRT 
<213> Mus 


musculus 







<400> 42 

Asp He Leu Leu Thr Gin Ser Pro Ala He Leu Ser -Val Ser Pro Gly 
x 5 10 15 



Glu Arg Val Ser Phe Ser Cys Arg Ala Ser Gin Phe Val Gly Ser Ser 



I 
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lie His Trp Tyr Gin Gin Arg Thr Asn Gly Ser Pro Arg Leu Leu He 
35 40 45 



Lys Tyr Ala Ser Glu Ser Met Ser Gly He Pro Ser Arg Phe Ser Gly 
50 55 60 



Ser Gly Ser Gly Thr Asp Phe Thr Leu Ser He Asn Thr Val Glu Ser 
65 * 70 75 80 



Glu Asp He Ala Asp Tyr Tyr Cys Gin Gin Ser His Ser Trp Pro Phe 
85 90 95 



Thr Phe Gly Ser Gly Thr Asn Leu Glu Val Lys Glu Val Lys. Leu Glu 
100 105 HO 



Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly Ser Met Lys Leu Ser 
115 120 125 



Cys Val Ala Ser Gly Phe He Phe Ser Asn His Trp Met Asn Trp Val 
130 135 140 



Arg Gin Ser Pro Glu Lys Gly Leu Glu Trp Val Ala Glu He Arg Ser 
145 150 155 160 



Lys Ser He Asn Ser Ala Thr His Tyr Ala Glu Ser Val Lys Gly Arg 
165 170 175 



Phe Thr He Ser Arg Asp Asp Ser Lys Ser Ala Val Tyr Leu Gin Met 
180 185 190 



Thr Asp Leu Arg Thr Glu Asp Thr Gly Val Tyr Tyr Cys Ser Arg Asn 
195 200 205 



Tyr Tyr Gly Ser Thr Tyr Asp Tyr Trp Gly Gin Gly Thr Thr Leu Thr 
210 215 220 



Val Ser 
225 



<210> 43 
<211> 450 
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<212> DNA 

<213> Homo sapiens 



<400> 43 



gctgcatcag 


aagaggccat 


caagcacatc actgtccttc 


tgccatggcc ctgtggatgc 


60 


gcctcctgcc 


cctgctggcg 


ctgctggccc tctggggacc 


tgacccagcc gcagcctttg 


120 


tgaaccaaca 


cctgtgcggc 


tcacacctgg tggaagctct 


ctacctagtg tgcggggaac 


180 


gaggcttctt 


ctacacaccc 


aagacccgcc gggaggcaga 


ggacctgcag gtggggcagg 


240 


tggagctggg 


cgggggccct 


ggtgcaggca gcctgcagcc 


cttggccctg gaggggtccc 


300 


tgcagaagcg 


tggcattgtg 


gaacaatgct gtaccagcat 


ctgctccctc taccagctgg 


360 


agaactactg 


caactagacg 


cagcccgcag gcagcccccc 


acccgccgcc tcctgcaccg 


420 


agagagatgg 


aataaagccc 


ttgaaccagc 




450 



<210> 44 

<211> 110 

<212> PRT 

<213> Homo sapiens 

<400> 44 

Met Ala Leu Trp Met Arg Leu Leu Pro Leu Leu Ala Leu Leu Ala Leu 
1 5 10 15 



Trp Gly Pro Asp Pro Ala Ala Ala Phe Val Asn Gin His Leu Cys Gly 
20 25 30 



Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg Gly Phe 
35 40 45 



Phe Tyr Thr Pro Lys Thr Arg Arg Glu Ala Glu Asp Leu Gin Val Gly 
50 55 60 



Gin Val Glu Leu Gly Gly Gly Pro Gly Ala Gly Ser Leu Gin Pro Leu 
65 70 75 80 



Ala Leu Glu Gly Ser Leu Gin Lys Arg Gly He Val Glu Gin Cys Cys 
85 90 95 



Thr Ser He Cys Ser Leu Tyr Gin Leu Glu Asn Tyr Cys Asn 
100 105 HO 



<210> 45 
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<211> 1203 
<212> DNA 

<213> Hepatitis B virus 
<400> 45 

atgggaggtt ggtcttccaa acctcgacaa ggcatgggga cgaatctttc tgttcccaat 60 

cctctgggat tctttcccga tcaccagttg gaccctgcgt tcggagccaa ctcaaacaat 120 

ccagattggg acttcaaccc caacaaggat cactggccag aggcaatcaa ggtaggagcg 180 

ggagacttcg ggccagggtt caccccacca cacggcggtc ttttggggtg gagccctcag 240 

gctcagggca tattgacaac agtgccagca gcgcctcctc ctgtttccac caatcggcag 3 00 

tcaggaagac agcctactcc catctctcca cctctaagag acagtcatcc tcaggccatg 360 

cagtggaact ccacaacatt ccaccaagct ctgctagatc ccagagtgag gggcctatat 420 

tttcctgctg gtggctccag ttccggaaca gtaaaccctg ttccgactac tgtctcaccc 480 

atatcgtcaa tcttctcgag gactggggac cctgcaccga acatggagag cacaacatca 540 

ggattcctag gacccctgct cgtgttacag gcggggtttt tcttgttgac aagaatcctc 600 

acaataccac agagtctaga ctcgtggtgg acttctctca attttctagg gggagcaccc 660 

acgtgtcctg gccaaaattc gcagtcccca acctccaatc actcaccaac ctcttgtcct 720 

ccaatttgtc ctggttatcg ctggatgtgt ctgcggcgtt ttatcatatt cctcttcatc 780 

ctgctgctat gcctcatctt cttgttggtt cttctggact accaaggtat gttgcccgtt 840 

tgtcctctac ttccaggaac atcaactacc agcacgggac catgcaagac ctgcacgatt 900 

cctgctcaag gaacctctat gtttccctct tgttgctgta caaaaccttc ggacggaaac 960 

tgcacttgta ttcccatccc atcatcctgg gctttcgcaa gattcctatg ggagtgggcc 1020 

tcagtccgtt tctcctggct cagtttacta gtgccatttg ttcagtggtt cgcagggctt 1080 

tcccccactg tttggctttc agttatatgg atgatgtggt attgggggcc aagtctgtac 1140 

aacatcttga gtcccttttt acctctatta ccaattttct tttgtctttg ggtatacatt 1200 

tga 1203 

<210> 46 
<211> 400 
<212> PRT 

<213> Hepatitis B virus 
<400> 46 

Met Gly Gly Trp Ser Ser Lys Pro Arg Gin Gly Met Gly Thr Asn Leu 
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Ser Val Pro Asn Pro Leu Gly Phe Phe Pro Asp His Gin Leu Asp Pro 
20 25 30 



Ala Phe Gly Ala Asn Ser Asn Asn Pro Asp Trp Asp Phe Asn Pro Asn 
35 40 45 



Lys Asp His Trp Pro Glu Ala He Lys Val Gly Ala Gly Asp Phe Gly 
50 55 60 



Pro Gly Phe Thr Pro Pro His Gly Gly Leu Leu Gly Trp Ser Pro Gin 
65 ^ 70 75 80 



Ala Gin Gly He Leu Thr Thr Val Pro Ala Ala Pro Pro Pro Val Ser 
85 90 95 



Thr Asn Arg Gin Ser Gly Arg Gin Pro Thr Pro He Ser Pro Pro Leu 
100 105 HO 



Arg Asp Ser His Pro Gin Ala Met Gin Trp Asn Ser Thr Thr Phe His 
115 120 125 



Gin Ala Leu Leu Asp Pro Arg Val Arg Gly Leu Tyr Phe Pro Ala Gly 
130 135 140 



Gly Ser Ser Ser Gly Thr Val Asn Pro Val Pro Thr Thr Val Ser Pro 
145 ' 150 155 160 



He Ser Ser He Phe Ser Arg Thr Gly Asp Pro Ala Pro Asn Met Glu 
165 170 175 



Ser Thr Thr Ser Gly Phe Leu Gly Pro Leu Leu Val Leu Gin Ala Gly 
180 185 190 



Phe Phe Leu Leu Thr Arg He Leu Thr He Pro Gin Ser Leu Asp Ser 
195 200 205 



Trp Trp Thr Ser Leu Asn Phe Leu Gly Gly Ala Pro Thr Cys Pro Gly 
210 215 220 



Gin Asn Ser Gin Ser Pro Thr Ser Asn His Ser Pro Thr Ser Cys Pro 
225 230 235 240 
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Pro He Cys Pro Gly Tyr Arg Trp Met Cys Leu Arg Arg Phe He He 
245 250 255 



Phe Leu Phe He Leu Leu Leu Cys Leu He Phe Leu Leu Val Leu Leu 
260 265 270 



Asp Tyr Gin Gly Met Leu Pro Val Cys Pro Leu Leu Pro Gly Thr Ser 
275 280 285 



Thr Thr Ser Thr Gly Pro Cys Lys Thr Cys Thr He Pro Ala Gin Gly 
290 295 300 



Thr Ser Met Phe Pro Ser Cys Cys Cys Thr Lys Pro Ser Asp Gly Asn 
305 310 315 320 



Cys Thr Cys He Pro He Pro Ser Ser Trp Ala Phe Ala Arg Phe Leu 
325 330 335 



Trp Glu Trp Ala Ser Val Arg Phe Ser Trp Leu Ser Leu Leu Val Pro 
340 345 350 



Phe Val Gin Trp Phe Ala Gly Leu Ser Pro Thr Val Trp Leu Ser Val 
355 ~ 360 365 



He Trp Met Met Trp Tyr Trp Gly Pro Ser Leu Tyr Asn He Leu Ser 
370 375 380 



Pro Phe Leu Pro Leu Leu Pro He Phe Phe Cys Leu Trp Val Tyr He 
385 390 395 • 400 



<210> 47 

<211> 799 

<212> DNA 

<213> Homo sapiens 

<400> 47 

cgaaccactc agggtcctgt ggacagctca cctagctgca atggctacag gctcccggac 60 

gtccctgctc ctggcttttg gcctgctctg cctgccctgg cttcaagagg gcagtgcctt 120 

cccaaccatt cccttatcca ggccttttga caacgctatg ctccgcgccc atcgtctgca 180 

ccagctggcc tttgacacct accaggagtt tgaagaagcc tatatcccaa aggaacagaa 240 

gtattcattc ctgcagaacc cccagacctc cctctgtttc tcagagtcta ttccgacacc 300 
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ctccaacagg 


gaggaaacac aacagaaatc caacctagag 


ctgctccgca 


tctccctgct 


360 


gctcatccag 


tcgtggctgg agcccgtgca gttcctcagg 


agtgtcttcg 


ccaacagcct 


420 


ggtgtacggc 


gcctctgaca gcaacgtcta tgacctccta 


aaggacctag 


aggaaggcat 


480 


ccaaacgctg 


atggggaggc tggaagatgg cagcccccgg 


actgggcaga 


tcttcaagca 


540 


gacctacagc 


aagttcgaca caaactcaca caacgatgac 


gcactactca agaactacgg 


600 


gctgctctac 


tgcttcagga aggacatgga caaggtcgag 


acattcctgc 


gcatcgtgca 


660 


gtgccgctct 


gtggagggca gctgtggctt ctagctgccc 


gggtggcatc 


cctgtgaccc 


720 


ctccccagtg 


cctctcctgg ccctggaagt tgccactcca 


gtgcccacca gccttgtcct 


780 


aataaaatta 


agttgcatc 






799 



<210> 48 

<211> 217 

<212> PRT 

<213> Homo sapiens 

<400> 48 

Met Ala Thr Gly Ser Arg Thr Ser Leu Leu Leu Ala Phe Gly Leu Leu 
1 5 10 15 



Cys Leu Pro Trp Leu Gin Glu Gly Ser Ala Phe Pro Thr He Pro Leu 
20 25 30 



Ser Arg Pro Phe Asp Asn Ala Met Leu Arg Ala His Arg Leu His Gin 
35 40 45 



Leu Ala Phe Asp Thr Tyr Gin Glu Phe Glu Glu Ala Tyr He Pro Lys 
50 55 60 



Glu Gin Lys Tyr Ser Phe Leu Gin Asn Pro Gin Thr Ser Leu Cys Phe 
65 70 75 80 



Ser Glu Ser lie Pro Thr Pro Ser Asn Arg Glu Glu Thr Gin Gin Lys 
85 90 95 



Ser Asn Leu Glu Leu Leu Arg He Ser Leu Leu Leu He Gin Ser Trp 
100 105 HO 



Leu Glu Pro Val Gin Phe Leu Arg Ser Val Phe Ala Asn Ser Leu Val 
115 120 125 
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Tyr Gly Ala Ser Asp Ser Asn Val Tyr Asp Leu Leu Lys Asp Leu Glu 
130 135 140 

Glu Gly He Gin Thr Leu Met Gly Arg Leu Glu Asp Gly Ser Pro Arg 
145 150 155 160 

Thr Gly Gin He Phe Lys Gin Thr Tyr Ser Lys Phe Asp Thr Asn Ser 
165 170 175 

His Asn Asp Asp Ala Leu Leu Lys Asn Tyr Gly Leu Leu Tyr Cys Phe 
180 185 190 

Arg Lys Asp Met Asp Lys Val Glu Thr Phe Leu Arg He Val Glri Cys 
195 200 205 

Arg Ser Val Glu Gly Ser Cys Gly Phe 
210 215 

<210> 49 

<211> 963 

<212> DNA 

<213> Homo sapiens 



<400> 49 



atggagacag 


acacactcct 


gttatgggtg 


ctgctgctct 


gggttccagg 


ttccactggt 


60 


gacgtcaggc 


gagggccccg 


gagcctgcgg 


ggcagggacg 


cgccagcccc 


cacgccctgc 


120 


gtcccggccg 


agtgcttcga 


cctgctggtc 


cgccactgcg 


tggcctgcgg 


gctcctgcgc 


180 


acgccgcggc 


cgaaaccggc 


cggggccagc 


agccctgcgc 


ccaggacggc 


gctgcagccg 


240 


caggagtcgg 


tgggcgcggg 


ggccggcgag 


gcggcggtcg 


acaaaactca 


cacatgccca 


300 


ccgtgcccag 


cacctgaact 


cctgggggga 


ccgtcagtct 


tcctcttccc 


cccaaaaccc 


360 


aaggacaccc 


tcatgatctc 


ccggacccct 


gaggtcacat 


gcgtggtggt 


ggacgtgagc 


420 


cacgaagacc 


ctgaggtcaa 


gttcaactgg 


tacgtggacg 


gcgtggaggt 


gcataatgcc 


480 


aagacaaagc 


cgcgggagga 


gcagtacaac 


agcacgtacc 


gtgtggtcag 


cgtcctcacc 


540 


gtcctgcacc 


aggactggct 


gaatggcaag 


gagtacaagt 


gcaaggtctc 


caacaaagcc 


600 


ctcccagccc 


ccatcgagaa 


aaccatctcc 


aaagccaaag 


ggcagccccg 


agaaccacag 


660 


gtgtacaccc 


tgcccccatc 


ccgggatgag 


ctgaccaaga 


accaggtcag 


cctgacctgc 


720 


ctggtcaaag 


gcttctatcc 


cagcgacatc 


gccgtggagt 


gggagagcaa 


tgggcagccg 


780 
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gagaacaact acaagaccac gcctcccgtg ttggactccg acggctcctt cttcctctac 84 0 

agcaagctca ccgtggacaa gagcaggtgg cagcagggga acgtcttctc atgctccgtg 900 

atgcatgagg ctctgcacaa ccactacacg cagaagagcc tctccctgtc tcccgggaaa 960 
tga 



<210> 50 

<211> 320 

<212> PRT 

<213> Homo sapiens 

<400> 50 

Met Glu Thr Asp Thr Leu Leu Leu Trp Val Leu Leu Leu Trp Val Pro 
1 5 10 15 



Gly Ser Thr Gly Asp Val Arg Arg Gly Pro Arg Ser Leu Arg Gly Arg 
20 25 30 



Asp Ala Pro Ala Pro Thr Pro Cys Val Pro Ala Glu Cys Phe Asp Leu 
35 40 45 



Leu Val Arg His Cys Val Ala Cys Gly Leu Leu Arg Thr Pro Arg Pro 
50 55 60 



Lys Pro Ala Gly Ala Ser Ser Pro Ala Pro Arg Thr Ala Leu Gin Pro 
65 70 75 80 



Gin Glu Ser Val Gly Ala Gly Ala Gly Glu Ala Ala Val Asp Lys Thr 
85 90 95 



His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser 
100 105 110 



Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lie Ser Arg 
115 120 125 



Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro 
130 135 140 



Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala 
145 ~ 150 ' 155 160 



Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val 
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165 170 175 



Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr 
180 185 190 



Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lie Glu Lys Thr 
195 200 205 



He Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu 
210 ' 215 220 



Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys 
225 230 235 240 



Leu Val Lys Gly Phe Tyr Pro Ser Asp He Ala Val Glu Trp Glu Ser 
245 250 255 



Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp 
260 265 270 



Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser 
275 280 285 



Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala 
290 295 300 



315 320 



Leu His 


3 Asn His Tyr 


Thr 


305 




310 


<210> 


51 




<211> 


107 




<212> 


PRT 




<213> 


Homo sapiens 




<400> 


51 





Asp He Gin Met Thr Gin Thr Pro Ser Thr Leu Ser Ala Ser Val Gly 
1 5 10 15 



Asp Arg Val Thr He Ser Cys Arg Ala Ser Gin Asp He Asn Asn Tyr 
20 25 30 



Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu He 
35 40 45 
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Tyr Tyr Thr Ser Thr Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 



Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr He Ser Ser Leu Gin Pro 
65 70 75 80 



Asp Asp Phe Ala Thr Tyr Phe Cys Gin Gin Gly Asn Thr Leu Pro Trp 
85 90 95 



Thr Phe Gly Gin Gly Thr Lys Val Glu Val Lys 
100 105 



<210> 52 

<211> 107 

<212> PRT 

<213> Mus musculus 

<400> 52 

Asp He Gin Met Thr Gin Thr Thr Ser Ser Leu Ser Ala Ser Leu Gly 
1. 5 10 15 

Asp Arg Val Thr He Ser Cys Arg Ala Ser Gin Asp He Asn Asn Tyr 
20 25 30 

Leu Asn Trp Tyr Gin Gin Lys Pro Asp Gly He Val Lys Leu Leu He 
35 40 45 

Tyr Tyr Thr Ser Thr Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr He Ser Asn Leu Glu Gin 
65 ~ 70 75 80 

Glu Asp He Ala Thr Tyr Phe Cys Gin Gin Gly Asn Thr Leu Pro Trp 
85 90 95 



Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys 
100 105 



<210> 53 

<211> 119 

<212> PRT 

<213> Homo sapiens 
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<400> 53 

Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ser 
15 10 15 



Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ala Phe Thr Asn Tyr 
20 25 30 



Leu He Glu Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp He 
35 40 45 



Gly Val He Tyr Pro Gly Ser Gly Gly Thr Asn Tyr Asn Glu Lys Phe 
50 55 60 



Lys Gly Arg Val Thr Leu Thr Val Asp Glu Ser Thr Asn Thr Ala Tyr 
65 ' 70 75 80 



Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Phe Cys 
85 90 95 



Ala Arg Arg Asp Gly Asn Tyr Gly Trp Phe Ala Tyr Trp Gly Gin Gly 
100 105 HO 



Thr Leu Val Thr Val Ser Ser 
115 



<210> 54 

<211> 119 

<212> PRT 

<213> Mus musculus 

<400> 54 

Gin Val Gin Leu Gin Gin Ser Gly Ala Glu Leu Val Gly Pro Gly Thr 
1 5 10 15 



Ser Val Arg Val Ser Cys Lys Ala Ser Gly Tyr Ala Phe Thr Asn Tyr 
20 25 30 



Leu He Glu Trp Val Lys Gin Arg Pro Gly Gin Gly Leu Glu Trp lie 
35 40 45 



Gly Val He Tyr Pro Gly Ser Gly Gly Thr Asn Tyr Asn Glu Lys Phe 
50 55 60 
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Lys Gly Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Thr Thr Ala Tyr 
65 70 75 80 



Met Gin Leu Ser Ser Leu Thr Ser Asp Asp Ser Ala Val Tyr Phe Cys 
85 90 95 



Ala Arg Arg Asp Gly Asn Tyr Gly Trp Phe Ala Tyr Trp Gly Arg Gly 
100 105 HO 



Thr Leu Val Thr Val Ser Ala 
115 



<210> 55 

<211> 214 

<212> PRT 

<213> Homo sapiens 

<400> 55 

Asp He Gin Met Thr Gin Thr Pro Ser Thr Leu Ser Ala Ser Val Gly 
1 5 10 15 



Asp Arg Val Thr He Ser Cys Arg Ala Ser Gin Asp He Asn Asn Tyr 
20 25 30 



Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu He 
35 40 45 . 



Tyr Tyr Thr Ser Thr Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr He Ser Ser Leu Gin Pro 

65 70 75 80 



Asp Asp Phe Ala Thr Tyr Phe Cys Gin Gin Gly Asn Thr Leu Pro Trp 
85 90 95 



Thr Phe Gly Gin Gly Thr Lys Val Glu Val Lys Arg Thr Val Ala Ala 
100 105 HO 



Pro Ser Val Phe He Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly 
115 120 125 



Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala 
130 135 140 
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Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin 
145 150 155 . 160 



Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser 
165 170 175 



Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 
180 185 190 



Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser 
195 200 205 



Phe Asn Arg Gly Glu Cys 
210 



<210> 56 

<211> 448 

<212> PRT 

<213> Homo sapiens 

<400> 56 

Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ser 
1 5 10 15 



Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ala Phe Thr Asn Tyr 
20 25 30 



Leu lie Glu Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp lie 
35 40 45 



Gly Val He Tyr Pro Gly Ser Gly Gly Thr Asn Tyr Asn Glu Lys Phe 
50 55 60 



Lys Gly Arg Val Thr Leu Thr Val Asp Glu Ser Thr Asn Thr Ala Tyr 
65 " 70 75 80 



Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Phe Cys 
85 90 95 



Ala Arg Arg Asp Gly Asn Tyr Gly Trp Phe Ala Tyr Trp Gly Gin Gly 
100 105 HO 
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Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 
115 120 125 



Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 
130 135 140 

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 
145 150 155 160 

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 
165 170 175 



Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 
180 185 190 



Ser Ser Leu Gly Thr Gin Thr Tyr He Cys Asn Val Asn His Lys Pro 
195 200 205 

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys 
210 215 220 

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro 
225 230 235 240 

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met He Ser 
245 250 255 

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp 
260 265 270 

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn 
275 280 285 

Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val 
290 295 300 

Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu 
305 310 315 320 

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro He Glu Lys 
325 330 335 



Thr 



He Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr 
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Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr 
355 360 365 

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp He Ala Val Glu Trp Glu 
370 375 380 

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 
385 390 395 ' 400 

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys 
405 410 415 

Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu 
420 425 430 

Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly 



<210> 57 

<211> 8540 

<212> DNA 

<213> Homo sapiens 

<400> 57 

gacgtcgcgg ccgctctagg cctccaaaaa agcctcctca ctacttctgg aatagctcag 60 

aggccgaggc ggcctcggcc tctgcataaa taaaaaaaat tagtcagcca tgcatggggc 120 

ggagaatggg cggaactggg cggagttagg ggcgggatgg gcggagttag gggcgggact 180 

atggttgctg actaattgag atgcatgctt tgcatacttc tgcctgctgg ggagcctggg 240 

gactttccac acctggttgc tgactaattg agatgcatgc tttgcatact tctgcctgct 300 

ggggagcctg gggactttcc acaccctaac tgacacacat tccacagaat taattcccct 360 

agttattaat agtaatcaat tacggggtca ttagttcata gcccatatat ggagttccgc 420 

gttacataac ttacggtaaa- tggcccgcct ggctgaccgc ccaacgaccc ccgcccattg 480 

acgtcaataa tgacgtatgt tcccatagta acgccaatag ggactttcca ttgacgtcaa 540 

tgggtggact atttacggta aactgcccac ttggcagtac atcaagtgta tcatatgcca 600 

agtacgcccc ctattgacgt caatgacggt aaatggcccg cctggcatta tgcccagtac 660 

atgaccttat gggactttcc tacttggcag tacatctacg tattagtcat cgctattacc 720 
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atggtgatgc ggttttggca gtacatcaat gggcgtggat agcggtttga ctcacgggga 
tttccaagtc tccaccccat tgacgtcaat gggagtttgt tttggcacca aaatcaacgg 
gactttccaa aatgtcgtaa caactccgcc ccattgacgc aaatgggcgg taggcgtgta 
cggtgggagg tctatataag cagagctggg tacgtgaacc gtcagatcgc ctggagacgc 
catcacagat ctctcaccat gagggtcccc gctcagctcc tggggctcct gctgctctgg 
ctcccaggtg cacgatgtga tggtaccaag gtggaaatca aacgtacggt ggctgcacca 
tctgtcttca tcttcccgcc atctgatgag cagttgaaat ctggaactgc ctctgttgtg 
tgcctgctga ataacttcta tcccagagag gccaaagtac agtggaaggt ggataacgcc 
ctccaatcgg gtaactccca ggagagtgtc acagagcagg acagcaagga cagcacctac 
agcctcagca gcaccctgac gctgagcaaa gcagactacg agaaacacaa agtctacgcc 
tgcgaagtca cccatcaggg cctgagctcg cccgtcacaa agagcttcaa caggggagag 
tgttgaattc agatccgtta acggttacca actacctaga ctggattcgt gacaacatgc 
ggccgtgata tctacgtatg atcagcctcg actgtgcctt ctagttgcca gccatctgtt 
gtttgcccct cccccgtgcc ttccttgacc ctggaaggtg ccactcccac tgtcctttcc 
taataaaatg aggaaattgc atcgcattgt ctgagtaggt gtcattctat tctggggggt 
ggggtggggc aggacagcaa gggggaggat tgggaagaca atagcaggca tgctggggat 
gcggtgggct ctatggaacc agctggggct cgacagctat gccaagtacg ccccctattg 
acgtcaatga cggtaaatgg cccgcctggc attatgccca gtacatgacc ttatgggact 
ttcctacttg gcagtacatc tacgtattag tcatcgctat taccatggtg atgcggtttt 
ggcagtacat caatgggcgt ggatagcggt ttgactcacg gggatttcca agtctccacc 
ccattgacgt caatgggagt ttgttttggc accaaaatca acgggacttt ccaaaatgtc 
gtaacaactc cgccccattg acgcaaatgg gcggtaggcg tgtacggtgg gaggtctata 
taagcagagc tgggtacgtc ctcacattca gtgatcagca ctgaacacag acccgtcgac 
atgggttgga gcctcatctt gctcttcctt gtcgctgttg ctacgcgtgt cgctagcacc 
aagggcccat cggtcttccc cctggcaccc tcctccaaga gcacctctgg gggcacagcg 
gccctgggct gcctggtcaa ggactacttc cccgaaccgg tgacggtgtc gtggaactca 
ggcgccctga ccagcggcgt gcacaccttc ccggctgtcc tacagtcctc aggactctac 
tccctcagca gcgtggtgac cgtgccctcc agcagcttgg gcacccagac ctacatctgc 
aacgtgaatc acaagcccag caacaccaag gtggacaaga aagcagagcc caaatcttgt 



780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
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gacaaaactc acacatgccc accgtgccca gcacctgaac tcctgggggg accgtcagtc 
ttcctcttcc ccccaaaacc caaggacacc ctcatgatct cccggacccc tgaggtcaca 
tgcgtggtgg tggacgtgag ccacgaagac cctgaggtca agttcaactg gtacgtggac 
ggcgtggagg tgcataatgc caagacaaag ccgcgggagg agcagtacaa cagcacgtac 
cgtgtggtca gcgtcctcac cgtcctgcac caggactggc tgaatggcaa ggactacaag 
tgcaaggtct ccaacaaagc cctcccagcc cccatcgaga aaaccatctc caaagccaaa 
gggcagcccc gagaaccaca ggtgtacacc ctgcccccat cccgggatga gctgaccagg 
aaccaggtca gcctgacctg cctggtcaaa ggcttctatc ccagcgacat cgccgtggag 
tgggagagca atgggcagcc ggagaacaac tacaagacca cgcctcccgt gctggactcc 
gacggctcct tcttcctcta cagcaagctc accgtggaca agagcaggtg gcagcagggg 
aacgtcttct catgctccgt gatgcatgag gctctgcaca accactacac gcagaagagc 
ctctccctgt ctccgggtaa atgaggatcc gttaacggtt accaactacc tagactggat 
tcgtgacaac atgcggccgt gatatctacg tatgatcagc ctcgactgtg ccttctagtt 
gccagccatc tgttgtttgc ccctcccccg tgccttcctt gaccctggaa ggtgccactc 
ccactgtcct ttcctaataa aatgaggaaa ttgcatcgca ttgtctgagt aggtgtcatt 
ctattctggg gggtggggtg gggcaggaca gcaaggggga ggattgggaa gacaatagca 
ggcatgctgg ggatgcggtg ggctctatgg aaccagctgg ggctcgacag cgctggatct 
cccgatcccc agctttgctt ctcaatttct tatttgcata atgagaaaaa aaggaaaatt 
aattttaaca ccaattcagt agttgattga gcaaatgcgt tgccaaaaag gatgctttag 
agacagtgtt ctctgcacag ataaggacaa acattattca gagggagtac ccagagctga 
gactcctaag ccagtgagtg gcacagcatt ctagggagaa atatgcttgt catcaccgaa 
gcctgattcc gtagagccac accttggtaa gggccaatct gctcacacag gatagagagg 
gcaggagcca gggcagagca tataaggtga ggtaggatca gttgctcctc acatttgctt 
ctgacatagt tgtgttggga gcttggatag cttggacagc tcagggctgc gatttcgcgc 
caaacttgac ggcaatccta gcgtgaaggc tggtaggatt ttatccccgc tgccatcatg 
gttcgaccat tgaactgcat cgtcgccgtg tcccaaaata tggggattgg caagaacgga 
gacctaccct ggcctccgct caggaacgag ttcaagtact tccaaagaat gaccacaacc 
tcttcagtgg aaggtaaaca gaatctggtg attatgggta ggaaaacctg gttctccatt 
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cctgagaaca atcgaccttt aaaggacaga attaatatag ttctcagtag agaactcaaa 4200 

gaaccaccac gaggagctca ttttcttgcc aaaagtttgg atgatgcctt aagacttatt 4260 

gaacaaccgg aattggcaag taaagtagac atggtttgga tagtcggagg cagttctgtt 4320 

taccaggaag ccatgaatca accaggccac cttagactct ttgtgacaag gatcatgcag 43 80 

gaatttgaaa gtgacacgtt tttcccagaa attgatttgg ggaaatataa acttctccca 4440 

gaatacccag gcgtcctctc tgaggtccag gaggaaaaag gcatcaagta taagtttgaa 4500 

gtctacgaga agaaagacta acaggaagat gctttcaagt tctctgctcc cctcctaaag 4560 

tcatgcattt ttataagacc atgggacttt tgctggcttt agatcagcct cgactgtgcc 4620 

ttctagttgc cagccatctg ttgtttgccc ctcccccgtg ccttccttga ccctggaagg 4680 

tgccactccc actgtccttt cctaataaaa tgaggaaatt gcatcgcatt gtctgagtag 4740 

gtgtcattct attctggggg gtggggtggg gcaggacagc aagggggagg attgggaaga 4 800 

caatagcagg catgctgggg atgcggtggg ctctatggaa ccagctgggg ctcgagctac 4 860 

tagctttgct tctcaatttc ttatttgcat aatgagaaaa aaaggaaaat taattttaac 4920 

accaattcag tagttgattg agcaaatgcg ttgccaaaaa ggatgcttta gagacagtgt 4 980 
tctctgcaca gataaggaca aacattattc agagggagta cccagagctg agactcctaa 
gccagtgagt ggcacagcat tctagggaga aatatgcttg tcatcaccga agcctgattc 
cgtagagcca caccttggta agggccaatc tgctcacaca ggatagagag ggcaggagcc 

agggcagagc atataaggtg aggtaggatc agttgctcct cacatttgct tctgacatag 5220 
ttgtgttggg agcttggatc gatcctctat ggttgaacaa gatggattgc acgcaggttc 
tccggccgct tgggtggaga ggctattcgg ctatgactgg gcacaacaga caatcggctg 
ctctgatgcc gccgtgttcc ggctgtcagc gcaggggcgc ccggttcttt ttgtcaagac 
cgacctgtcc ggtgccctga atgaactgca ggacgaggca gcgcggctat cgtggctggc 

cacgacgggc gttccttgcg cagctgtgct cgacgttgtc actgaagcgg gaagggactg 5520 

gctgctattg ggcgaagtgc cggggcagga tctcctgtca tctcaccttg ctcctgccga 5580 
gaaagtatcc atcatggctg atgcaatgcg gcggctgcat acgcttgatc cggctacctg 
cccattcgac caccaagcga aacatcgcat cgagcgagca cgtactcgga tggaagccgg 

tcttgtcgat caggatgatc tggacgaaga gcatcagggg ctcgcgccag ccgaactgtt 5760 

cgccaggctc aaggcgcgca tgcccgacgg cgaggatctc gtcgtgaccc atggcgatgc 5820 

ctgcttgccg aatatcatgg tggaaaatgg ccgcttttct ggattcatcg actgtggccg 5880 
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qcQcracccrct 


atcaggacat 


agcgttggct 


acccgtgata 


ttgctgaaga 


5940 


act.fi.oac.aoc 


qaatqqqctq 


accgcttcct 


cgtgctttac 


ggtatcgccg 


cttcccgatt 


6000 


cgcagcgcat 


cgccttctat 


cgccttcttg 


acgagttctt 


ctgagcggga 


ctctggggtt 


6060 




qaccaaqcqa 


cgcccaacct 


gccatcacga 


gatttcgatt 


ccaccgccgc 


6120 


cttctatigaa 


aqqttqqqct 


tcggaatcgt 


tttccgggac 


gccggctgga 


tgatcctcca 


6180 


acacaacroat 


Ctcatqctqq 


agttcttcgc 


ccaccccaac 


ttgtttattg 


cagcttataa 


6240 


t" aot" t* acaaa 

^-i ^4 l-» lw \w CA d. 


taaagcaata 


gcatcacaaa 


tttcacaaat 


aaagcatttt 


tttcactgca 


6300 


ttctagtfcgt 


qqtttqtcca 


aactcatcaa 


tctatcttat 


catgtctgga 


tcgcggccgc 


6360 


aatcccatca 


aqaqcttqqc 


gtaatcatgg 


tcatagctgt 


ttcctgtgtg 


aaattgttat 


6420 


ccgctcacaa 


ttccacacaa 


catacgagcc 


ggagcataaa 


gtgtaaagcc 


tggggtgcct 


6480 




ctaactcaca 


ttaattgcgt 


tgcgctcact 


gcccgctttc 


cagtcgggaa 


6540 


a r 1 r t" Cf fc ca fca 


ccagctgcat 


taatgaatcg 


gccaacgcgc 


ggggagaggc 


ggtttgcgta 


6600 


4- j- ricicjr'Cfr't* r* 


ttccacttcc 


tcgctcactg 


actcgctgcg 


ctcggtcgtt 


cggctgcggc 


6660 


y c *y^yy t * aLl * 


aactcactca 


aaqqcqqtaa 


tacggttatc 


cacagaatca 


ggggataacg 


6720 


Uayy aacty a.a 


ratatcraQca 


aaaggccagc 


aaaaggccag 


gaaccgtaaa 


aaggccgcgt 


6780 


uyv-uyyi-yuL. 


tthccataaa 

L~ *w W-4. ^ >-*. *n 


ctccgccccc 


ctgacgagca 


tcacaaaaat 


cgacgctcaa 


6840 


nh r- ^ r~r^ ncrt" rj 

y Lv - ct y ci yy u y 


W V-* V4 W w W 7n 


acaggactat 


aaagatacca 


ggcgtttccc 


cctggaagct 


6900 




ctctcctgtt 


ccgaccctgc 


cgcttaccgg 


atacctgtcc 


gcctttctcc' 


6960 


cttcaaaaaa 


cqtqqCQCtt 


tctcaatgct 


cacgctgtag 


gtatctcagt 


tcggtgtagg 


7020 


tcgttcgctc 


caaqctcrqqc 


tgtgtgcacg 


aaccccccgt 


tcagcccgac 


cgctgcgcct 


7080 


tatccggtaa 


ctatcgtctt 


gagtccaacc 


cggtaagaca 


cgacttatcg 


ccactggcag 


7140 


caqccactqq 


taacaggatt 


agcagagcga 


ggtatgtagg 


cggtgctaca 


gagttcttga 


7200 


aatqqtqqcc 


taactacggc 


tacactagaa 


ggacagtatt 


tggtatctgc 


gctctgctga 


7260 


aarcaattac 


ct tcggaaaa 


aqaqttqqta 


gctcttgatc 


cggcaaacaa 


accaccgctg 


7320 


gtagcggtgg 


tttttttgtt 


tgcaagcagc 


agattacgcg 


cagaaaaaaa 


ggatctcaag 


n T Q A 


aagatccttt 


gatcttttct 


acggggtctg 


acgctcagtg 


gaacgaaaac 


tcacgttaag 


7440 


ggattttggt 


catgagatta 


tcaaaaagga 


tcttcaccta 


gatcctttta 


aattaaaaat 


7500 


gaagttttaa 


atcaatctaa 


agtatatatg 


agtaaacttg 


gtctgacagt 


taccaatgct 


7560 
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taatcagtga 

tccccgtcgt 

tgataccgcg 

gaagggccga 

gttgccggga 

ttgctacagg 

cccaacgatc 

tcggtcctcc 

cagcactgca 

agtactcaac 

cgtcaatacg 

aacgttcttc 

aacccactcg 

gagcaaaaac 

gaatactcat 

tgagcggata 

ttccccgaaa 



ggcacctatc 
gtagataact 
agacccacgc 
gcgcagaagt 
agctagagta 
catcgtggtg 
aaggcgagtt 
gatcgttgtc 
taattctctt 
caagtcattc 
ggataatacc 

ggggcgaaaa 

tgcacccaac 
aggaaggcaa 
actcttcctt 
catatttgaa 
agtgccacct 



tcagcgatct 

acgatacggg 

tcaccggctc 

ggtcctgcaa 

agtagttcgc 

tcacgctcgt 

acatgatccc 

agaagtaagt 

actgtcatgc 

tgagaatagt 

gcgccacata 

ctctcaagga 

tgatcttcag 

aatgccgcaa 

tttcaatatt 

tgtatttaga 



gtctatttcg 
agggcttacc 
cagatttatc 
ctttatccgc 
cagttaatag 
cgtttggtat 
ccatgttgtg 
tggccgcagt 
catccgtaag 
gtatgcggcg 
gcagaacttt 
tcttaccgct 
catcttttac 
aaaagggaat 
attgaagcat 
aaaataaaca 



ttcatccata 

atctggcccc 

agcaataaac 

ctccatccag 

tttgcgcaac 

ggcttcattc 

caaaaaagcg 

gttatcactc 

atgcttttct 

accgagttgc 

aaaagtgctc 

gttgagatcc 

tttcaccagc 

aagggcgaca 

ttatcagggt 

aataggggtt 



gttgcctgac 

agtgctgcaa 

cagccagccg 

tctattaatt 

gttgttgcca 

agctccggtt 

gttagctcct 

atggttatgg 

gtgactggtg 

tcttgcccgg 

atcattggaa 

agttcgatgt 

gtttctgggt 

cggaaatgtt 

tattgtctca 

ccgcgcacat 



<210> 58 

<211> 9209 

<212> DNA 

<213> Mus musculus 

<400> 58 

gacgtcgcgg ccgctctagg 
aggccgaggc ggcctcggcc 
ggagaatggg cggaactggg 
atggttgctg actaattgag 
gactttccac acctggttgc 
ggggagcctg gggactttcc 
agttattaat agtaatcaat 
gttacataac ttacggtaaa 



cctccaaaaa 
tctgcataaa 
cggagttagg 
atgcatgctt 
tgactaattg 
acaccctaac 
tacggggtca 
tggcccgcct 



agcctcctca 
taaaaaaaat 
ggcgggatgg 
tgcatacttc 
agatgcatgc 
tgacacacat 
ttagttcata 
ggctgaccgc 



ctacttctgg 
tagtcagcca 
gcggagttag 
tgcctgctgg 
tttgcatact 
tccacagaat 
gcccatatat 
ccaacgaccc 



aatagctcag 
tgcatggggc 
gggcgggact 

ggagcctggg 
tctgcctgct 
taattcccct 
ggagttccgc 
ccgcccattg 
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acgtcaataa 


tgacgtatgt 


tcccatagta 


acgccaatag 


ggactttcca 


ttgacgtcaa 


540 


tgggtggact 


atttacggta 


aactgcccac 


ttggcagtac 


atcaagtgta 


tcatatgcca 


600 


agtacgcccc 


ctattgacgt 


caatgacggt 


aaatggcccg 


cctggcatta 


tgcccagtac 


660 


atgaccttat 


gggactttcc 


tacttggcag 


tacatctacg 


tattagtcat 


cgctattacc 


720 


atggtgatgc 


ggttttggca 


gtacatcaat 


gggcgtggat 


accggtttga 


ctcacgcgga 


780 


tttccaagtc 


tccaccccat 


tgacgtcaat 


gggagtttgt 


tttggcacca 


aaatcaacgg 


840 


gactttccaa 


aatgtcgtaa 


caactccgcc 


ccattgacgc 


aaatgggcgg 


taggcgtgta 


900 


cggtgggagg 


tctatataag 


cagagctggg 


tacgtgaacc 


gtcagatcgc 


ctggagacgc 


960 


catcacagat 


ctctcactat 


ggattttcag 


gtgcagatta 


tcagcttcct 


gctaatcagt 


1020 


gcttcagtca 


taatgtccag 


aggacaaatt 


gttctctccc 


agtctccagc 


aatcctgtct 


1080 


gcatctccag 


gggagaaggt 


cacaatgact 


tgcagggcca 


gctcaagtgt 


aagttacatc 


1140 


cactggttcc 


agcagaagcc 


aggatcctcc 


cccaaaccct 


ggatttatgc 


cacatccaac 


1200 


ctggcttctg 


gagtccctgt 


tcgcttcagt 


ggcagtgggt 


ctgggacttc 


ttactctctc 


1260 


acaatcagca 


gagtggaggc 


tgaagatgct 


gccacttatt 


actgccagca 


gtggactagt 


1320 


aacccaccca 


cgttcggagg 


ggggaccaag 


ctggaaatca 


aacgtacggt 


ggctgcacca 


1380 


tctgtcttca 


tcttcccgcc 


atctgatgag 


cagttgaaat 


ctggaactgc 


ctctgttgtg 


1440 


tgcctgctga 


ataacttcta 


tcccagagag 


gccaaagtac 


agtggaaggt 


ggataacgcc 


1500 


ctccaatcgg 


gtaactccca 


ggagagtgtc 


acagagcagg 


acagcaagga 


cagcacctac 


1560 


agcctcagca 


gcaccctgac 


gctgagcaaa 


gcagactacg 


agaaacacaa 


agtctacgcc 


1620 


tgcgaagtca 


cccatcaggg 


cctgagctcg 


cccgtcacaa 


agagcttcaa 


caggggagag 


1680 


tgttgaattc 


agatccgtta 


acggttacca 


actacctaga 


ctggattcgt 


gacaacatgc 


1740 


ggccgtgata 


tctacgtatg 


atcagcctcg 


actgtgcctt 


ctagttgcca 


gccatctgtt 


1800 


gtttgcccct 


cccccgtgcc 


ttccttgacc 


ctggaaggtg 


ccactcccac 


tgtcctttcc 


1860 


taataaaatg 


aggaaattgc 


atcgcattgt 


ctgagtaggt 


gtcattctat 


tctggggggt 


1920 


ggggtggggc 


aggacagcaa 


gggggaggat 


tgggaagaca 


atagcaggca 


tgctggggat 


1980 


gcggtgggct 


ctatggaacc 


agctggggct 


cgacagctat 


gccaagtacg 


ccccctattg 


2040 


acgtcaatga 


c 99 taaat 99 


cccgcctggc 


attatgccca 


gtacatgacc 


ttatgggact 


2100 


ttcctacttg 


gcagtacatc 


tacgtattag 


tcatcgctat 


taccatggtg 


atgcggtttt 


2160 


ggcagtacat 


caatgggcgt 


ggatagcggt 


ttgactcacg 


gggatttcca 


agtctccacc 


2220 



79/86 



WO 03/031464 




PCT/US02/32263 



ccattgacgt 


caatgggagt 


ttgttttggc accaaaatca aegggacttt ccaaaatgtc 


2280 


qtaacaactc 


cgccccattg 


aegcaaatgg gcggtaggcg tgtacggtgg gaggtctata 


2340 


taagcagagc 


tgggtacgtc 


ctcacattca gtgatcagca ctgaacacag acccgtcgac 


2400 


atgggttgga 


gcctcatctt 


gctcttcctt gtcgctgttg ctacgcgtgt cctgtcccag 


2460 


gtacaactgc 


ageagectgg 


ggctgagctg gtgaagcctg gggcctcagt gaagatgtcc 


2520 


tgcaaggctt 


ctggctacac 


atttaccagt tacaatatgc actgggtaaa acagacacct 


2580 


ggtcggggcc 


tggaatggat 


tggagctatt tatcceggaa atggtgatac ttcctacaat 


2640 


cagaagttca 


aaggcaaggc 


cacattgact gcagacaaat cctccagcac agectacatg 


2700 


cagctcagca 


gcctgacatc 


tgaggactct geggtctatt actgtgcaag atcgacttac 


2 760 


tacggcggtg 


actggtactt 


caatgtctgg ggcgcaggga ccacggtcac cgtctctgca 


2820 


gctagcacca 


agggcccatc 


ggtcttcccc ctggcaccct cctccaagag cacctctggg 


2880 


qqcacagcgg 


ccctgggctg 


cctggtcaag gactacttcc ccgaaccggt gacggtgtcg 


2940 


tggaactcag 


gcgccctgac 


cageggegtg cacaccttcc cggctgtcct acagtcctca 


3000 


aaactctact 


ccctcagcag 


cgtggtgacc gtgccctcca gcagcttggg cacccagacc 


3060 


tacatctgca 


aegtgaatea 


caagcccagc aacaccaagg tggacaagaa agcagagccc 


3120 


aaatcttgtg 


acaaaactca 


cacatgccca ccgtgcccag cacctgaact cctgggggga 


3180 


ccgtcagtct 


tcctcttccc 


cccaaaaccc aaggacaccc tcatgatctc ccggacccct 


3240 


gaggtcacat 


gcgtggtggt 


ggacgtgagc cacgaagacc ctgaggtcaa gttcaactgg 


3300 


tacgtggacg 


gcgtggaggt 


geataatgee aagacaaagc cgcgggagga gcagtacaac 


3360 


agcacgtacc 


gtgtggtcag 


cgtcctcacc gtcctgcacc aggactggct gaatggcaag 


3420 


gagtacaagt 


gcaaggtctc 


caacaaagcc ctcccagccc ccatcgagaa aaccatctcc 


3480 


aaagccaaag 


ggcagccccg 


agaaccacag gtgtacaccc tgcccccatc cegggatgag 


3540 


ctgaccaaga 


accaggtcag 


cctgacctgc ctggtcaaag gcttctatcc cagcgacatc 


3600 


gccgtggagt 


gggagagcaa 


tgggcagccg gagaacaact acaagaccac gcctcccgtg 


3660 


ctggactc eg 




cttcctctac aacaaqctca ccgtggacaa gagcaggtgg 


3720 


cagcagggga 


acgtcttctc 


atgctccgtg atgeatgagg ctctgcacaa ccactacacg 


3780 


cagaagagee 


tctccctgtc 


teegggtaaa tgaggatccg ttaacggtta ccaactacct 


3840 


agactggatt 


cgtgacaaca 


tgcggccgtg atatctacgt atgatcagee tcgactgtgc 


3900 
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cttctagttg 


ccagccatct 


gttgtttgcc 


cctcccccgt 


gccttccttg 


accctggaag 


3960 


gtgccactcc 


cactgtcctt 


tcctaataaa 


atgaggaaat 


tgcatcgcat 


tgtctgagta 


4020 


ggtgtcattc 


tattctgggg 


ggtggggtgg 


ggcaggacag 


caagggggag 


gattgggaag 


4080 


acaatagcag 


gcatgctggg 


gatgcggtgg 


gctctatgga 


accagctggg 


gctcgacagc 


4140 


gctggatctc 


ccgatcccca 


gctttgcttc 


tcaatttctt 


atttgcataa 


tgagaaaaaa 


4200 


aggaaaatta 


attttaacac 


caattcagta 


gttgattgag 


caaatgcgtt 


gccaaaaagg 


4260 


atgctttaga 


gacagtgttc 


tctgcacaga 


taaggacaaa 


cattattcag 


agggagtacc. 


4320 


cagagctgag 


actcctaagc 


cagtgagtgg 


cacagcattc 


tagggagaaa 


tatgcttgtc 


4380 


atcaccgaag 


cctgattccg 


tagagccaca 


ccttggtaag 


ggccaatctg 


ctcacacagg 


4440 


atagagaggg 


caggagccag 


ggcagagcat 


ataaggtgag 


gtaggatcag 


ttgctcctca 


4500 


catttgcttc 


tgacatagtt 


gtgttgggag 


cttggatagc 


ttggacagct 


cagggctgcg 


4560 


atttcgcgcc 


aaacttgacg 


gcaatcctag 


cgtgaaggct 


ggtaggattt 


tatccccgct 


4620 


gccatcatgg 


ttcgaccatt 


gaactgcatc 


gtcgccgtgt 


cccaaaatat 


ggggattggc 


4680 


aagaacggag 


acctaccctg 


gcctccgctc 


aggaacgagt 


tcaagtactt 


ccaaagaatg 


4740 


accacaacct 


cttcagtgga 


aggtaaacag 


aatctggtga 


ttatgggtag 


gaaaacctgg 


4800 


ttctccattc 


ctgagaagaa 


tcgaccttta 


aaggacagaa 


ttaatatagt 


tctcagtaga 


4860 


gaactcaaag 


aaccaccacg 


aggagctcat 


tttcttgcca 


aaagtttgga 


tgatgcctta 


4920 


agacttattg 


aacaaccgga 


attggcaagt 


aaagtagaca 


tggtttggat 


agtcggaggc 


4980 


agttctgttt 


accaggaagc 


catgaatcaa 


ccaggccacc 


ttagactctt 


tgtgacaagg 


5040 


atcatgcagg 


aatttgaaag 


tgacacgttt 


ttcccagaaa 


ttgatttggg 


gaaatataaa 


5100 


cttctcccag 


aatacccagg 


cgtcctctct 


gaggtccagg 


aggaaaaagg 


catcaagtat 


5160 


aagtttgaag 


tctacgagaa 


gaaagactaa 


caggaagatg 


ctttcaagtt 


ctctgctccc 


5220 


ctcctaaagc 


tatgcatttt 


tataagacca 


tgggactttt 


gctggcttta 


gatcagcctc 


5280 


gactgtgcct 


tctagttgcc 


agccatctgt 


tgtttgcccc 


tcccccgtgc 


cttccttgac 


5340 


cctggaaggt 


gccactccca 


ctgtcctttc 


ctaataaaat 


gaggaaattg 


catcgcattg 


5400 


tctgagtagg 


tgtcattcta 


ttctgggggg 


tggggtgggg 


caggacagca 


agggggagga 


5460 


ttgggaagac 


aatagcaggc 


atgctgggga 


tgcggtgggc 


tctatggaac 


cagctggggc 


5520 


tcgagctact 


agctttgctt 


ctcaatttct 


tatttgcata 


atgagaaaaa 


aaggaaaatt 


5580 


aattttaaca 


ccaattcagt 


agttgattga 


gcaaatgcgt 


tgccaaaaag 


gatgctttag 


5640 
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agacagtgtt 


ctctgcacag 


ataaggacaa acattattca 


gagggagtac 


ccagagctga 


5700 


gactcctaag 


ccagtgagtg 


gcacagcatt ctagggagaa 


atatgcttgt 


catcaccgaa 


5760 


gcctgattcc 


gtagagccac 


accttggtaa gggccaatct 


gctcacacag 


gatagagagg 


5820 


gcaggagcca 


gggcagagca 


tataaggtga ggtaggatca 


gttgctcctc 


acatttgctt 


5880 


ctgacatagt 


tgtgttggga 


gcttggatcg atcctctatg 


gttgaacaag 


atggattgca 


5940 


cgcaggttct 


ccggccgctt 


gggtggagag gctattcggc 


tatgactggg 


cacaacagac 


6000 


aatcggctgc 


tctgatgccg 


ccgtgttccg gctgtcagcg 


caggggcgcc 


cggttctttt 


6060 


tgtcaagacc 


gacctgtccg 


gtgccctgaa tgaactgcag 


gacgaggcag 


cgcggctatc 


6120 


g.tggctggcc 


acgacgggcg 


ttccttgcgc agctgtgctc 


gacgttgtca 


ctgaagcggg 


6180 


aagggactgg 


ctgctattgg 


gcgaagtgcc ggggcaggat 


ctcctgtcat 


ctcaccttgc 


6240 


tcctgccgag 


aaagtatcca 


tcatggctga tgcaatgcgg 


cggctgcata 


cgcttgatcc 


6300 


ggctacctgc 


ccattcgacc 


accaagcgaa acatcgcatc 


gagcgagcac 


gtactcggat 


6360 


ggaagccggt 


cttgtcgatc 


aggatgatct ggacgaagag 


catcaggggc 


tcgcgccagc 


6420 


cgaactgttc 


gccaggctca 


aggcgcgcat gcccgacggc 


gaggatctcg 


tcgtgaccca 


6480 


tggcgatgcc 


tgcttgccga 


atatcatggt ggaaaatggc 


cgcttttctg 


gattcatcga 


6540 


ctgtggccgg 


ctgggtgtgg 


cggaccgcta tcaggacata 


gcgttggcta 


cccgtgatat 


6600 


tgctgaagag 


cttggcggcg 


aatgggctga ccgcttcctc 


gtgctttacg 


gtatcgccgc 


6660 


tcccgattcg 


cagcgcatcg 


ccttctatcg ccttcttgac 


gagttcttct 


gagcgggact 


6720 


ctggggttcg 


aaatgaccga 


ccaagcgacg cccaacctgc 


catcacgaga 


tttcgattcc 


6780 


accgccgcct 


tctatgaaag 


gttgggcttc ggaatcgttt 


tccgggacgc 


cggctggatg 


6840 


atcctccagc 


gcggggatct 


catgctggag ttcttcgccc 


accccaactt 


gtttattgca 


6900 


gcttataatg 


gttacaaata 


aagcaatagc atcacaaatt 


tcacaaataa 


agcatttttt 


6960 


tcactgcatt 


ctagttgtgg 


tttgtccaaa ctcatcaatc 


tatcttatca 


tgtctggatc 


7020 


gcggccgcga 


tcccgtcgag 


agcttggcgt aatcatggtc 


atagctgttt 


cctgtgtgaa 


7080 


d L Ly L La LCU 


rift* pa ra a t" h 




aaocataaaa 

C* U *J V-*- tA^J 


tgtaaagcct 


7140 


ggggtgccta 


atgagtgagc 


taactcacat taattgcgtt 


gcgctcactg 


cccgctttcc 


7200 


agtcgggaaa 


cctgtcgtgc 


cagctgcatt aatgaatcgg 


ccaacgcgcg 


gggagaggcg 


7260 


gtttgcgtat 


tgggcgctct 


tccgcttcct cgctcactga 


ctcgctgcgc 


tcggtcgttc 


7320 
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ggctgcggcg 


agcggtatca 


gctcactcaa 


aggcggtaat 


acggttatcc acagaatcag 


7380 


gggataacgc . aggaaagaac atgtgagcaa aaggccagca aaaggccagg aaccgtaaaa 


7440 


aggccgcgtt gctggcgttt 


ttccataggc 


tccgcccccc 


tgacgagcat cacaaaaatc 


7500 


gacgctcaag 


tcagaggtgg 


cgaaacccga 


caggactata 


aagataccag gcgtttcccc 


7560 


ctggaagctc 


cctcgtgcgc 


tctcctgttc 


cgaccctgcc 


gcttaccgga tacctgtccg 


7620 


cctttctccc 


ttcgggaagc 


gtggcgcttt 


ctcaatgctc 


acgctgtagg tatctcagtt 


7680 


cggtgtaggt 


cgttcgctcc 


aagctgggct 


gtgtgcacga 


accccccgtt cagcccgacc 


7740 


gctgcgcctt 


atccggtaac 


tatcgtcttg 


agtccaaccc 


ggtaagacac gacttatcgc 


7800 


cactggcagc 


agccactggt 


aacaggatta gcagagcgag gtatgtaggc ggtgctacag 


7860 


agttcttgaa gtggtggcct 


aactacggct 


acactagaag gacagtattt ggtatctgcg 


7920 


ctctgctgaa 


gccagttacc 


ttcggaaaaa 


gagttggtag 


ctcttgatcc ggcaaacaaa 


7980 


ccaccgctgg tagcggtggt 


ttttttgttt gcaagcagca gattacgcgc agaaaaaaag 


8040 


gatctcaaga 


agatcctttg 


atcttttcta 


cggggtctga 


cgctcagtgg aacgaaaact 


8100 


cacgttaagg gattttggtc 


atgagattat 


caaaaaggat 


cttcacctag atccttttaa 


8160 


attaaaaatg 


aagttttaaa 


tcaatctaaa 


gtatatatga 


gtaaacttgg tctgacagtt 


8220 


accaatgctt 


aatcagtgag 


gcacctatct 


cagcgatctg 


tctatttcgt tcatccatag 


8280 


ttgcctgact 


ccccgtcgtg 


tagataacta 


cgatacggga 


gggcttacca tctggcccca 


8340 


gtgctgcaat gataccgcga gacccacgct 


caccggctcc 


agatttatca gcaataaacc 


8400 


agccagccgg 


aagggccgag 


cgcagaagtg 


gtcctgcaac 


tttatccgcc tccatccagt 


8460 


ctattaattg 


ttgccgggaa 


gctagagtaa 


gtagttcgcc 


agttaatagt ttgcgcaacg 


8520 


ttgttgccat 


tgctacaggc 


atcgtggtgt 


cacgctcgtc 


gtttggtatg gcttcattca 


8580 


gctccggttc 


ccaacgatca 


aggcgagtta 


catgatcccc 


catgttgtgc aaaaaagcgg 


8640 


ttagctcctt 


cggtcctccg 


atcgttgtca gaagtaagtt 


ggccgcagtg ttatcactca 


8700 


tggttatggc 


agcactgcat 


aattctctta 


ctgtcatgcc 


atccgtaaga tgcttttctg 


8760 


tgactggtga 


gtactcaacc 


aagtcattct 


gagaatagtg 


tatgcggcga ccgagttgct 


8820 


cttgcccggc 


gtcaatacgg 


gataataccg 


cgccacatag 


cagaacttta aaagtgctca 


8880 


tcattggaaa 


acgttcttcg 


gggcgaaaac 


tctcaaggat 


cttaccgctg ttgagatcca 


8940 


gttcgatgta 


acccactcgt 


gcacccaact 


gatcttcagc 


atcttttact ttcaccagcg 


9000 


tttctgggtg 


agcaaaaaca 


ggaaggcaaa 


atgccgcaaa 


aaagggaata agggcgacac 


9060 
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ggaaatgttg aatactcata ctcttccttt ttcaatatta ttgaagcatt tatcagggtt 9120 

attgtctcat gagcggatac atatttgaat gtatttagaa aaataaacaa ataggggttc 9180 

cgcgcacatt tccccgaaaa gtgccacct 9209 

<210> 59 

<211> 384 

<212> DNA 

<213> Mus musculus 

<400> 59 

atggattttc aggtgcagat tatcagcttc ctgctaatca gtgcttcagt cataatgtcc 60 

agagggcaaa ttgttctctc ccagtctcca gcaatcctgt ctgcatctcc aggggagaag 12 0 

gtcacaatga cttgcagggc cagctcaagt gtaagttaca tccactggtt ccagcagaag 180 

ccaggatcct cccccaaacc ctggatttat gccacatcca acctggcttc tggagtccct 240 

gttcgcttca gtggcagtgg gtctgggact tcttactctc tcacaatcag cagagtggag 3 00 

gctgaagatg ctgccactta ttactgccag cagtggacta gtaacccacc cacgttcgga 360 

ggggggacca agctggaaat caaa 3 84 



<210> 60 

<211> 128 

<212> PRT 

<213> Mus musculus 

<400> 60 

Met Asp Phe Gin Val Gin lie lie Ser Phe Leu Leu lie Ser Ala Ser 
1 5 10 15 



Val He Met Ser Arg Gly Gin He Val Leu Ser Gin Ser Pro Ala He 
20 25 30 



Leu Ser Ala Ser Pro Gly Glu Lys Val Thr Met Thr Cys Arg Ala Ser 
35 40 45 



Ser Ser Val Ser Tyr He His Trp Phe Gin Gin Lys Pro Gly Ser Ser 
50 55 60 



Pro Lys Pro Trp He Tyr Ala Thr Ser Asn Leu Ala Ser Gly Val Pro 
65 70 75 80 



Val Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr He 
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Ser Arg Val Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Trp 
100. 105 110 



Thr Ser Asn Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu lie Lys 
115 12 0 " ' 125 



<210> 61 

<211> 420 

<212> DNA 

<213> Mus musculus 

<400> 61 

atgggttgga gcctcatctt gctcttcctt gtcgctgttg ctacgcgtgt cctgtcccag 60 

gtacaactgc agcagcctgg ggctgagctg gtgaagcctg gggcctcagt gaagatgtcc 120 

tgcaaggctt ctggctacac atttaccagt tacaatatgc actgggtaaa acagacacct 180 

ggtcggggcc tggaatggat tggagctatt tatcccggaa atggtgatac ttcctacaat 240 

cagaagttca aaggcaaggc cacattgact gcagacaaat cctccagcac agcctacatg 300 

cagctcagca gcctgacatc tgaggactct gcggtctatt actgtgcaag atcgacttac 360 

tacggcggtg actggtactt caatgtctgg ggcgcaggga ccacggtcac cgtctctgca 420 

<210> 62 

<211> 140 

<212> PRT 

<213> Mus musculus 

<400> 62 

Met Gly Trp Ser Leu lie Leu Leu Phe Leu Val Ala Val Ala Thr Arg 
15 10 15 



Val Leu Ser Gin Val Gin Leu Gin Gin Pro Gly Ala Glu Leu Val Lys 
20 25 -30 



Pro Gly Ala. Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe 
35 40 45 



Thr Ser Tyr Asn Met His Trp Val Lys Gin Thr Pro Gly. Arg Gly Leu 
50 55 60 



Glu Trp lie Gly Ala He Tyr Pro Gly Asn Gly Asp Thr Ser Tyr Asn 
65 70 75 80 
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Gin Lys Phe Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Ser 
85 90 95 

Thr Ala Tyr Met Gin Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val 
100 105 no 

Tyr Tyr Cys Ala Arg Ser Thr Tyr Tyr Gly Gly Asp Trp Tyr Phe Asn 
115 120 125 

Val Trp Gly Ala Gly Thr Thr Val Thr Val Ser Ala 
130 135 140 
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